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Epigraph

\,

ves "The Bteel birds find the ai; increasingly crowded,
and this has beéome possidble iam our country ouf; at this time
when our whole indystrious nation, every working man and wC-
man in our Soviet land have all together set out to make
real nankind's dream of conquering the heights deyond the
elouds...

"Today I am very certain that my other dream, namely,
interplanetary travel, whieh I suhstantiated theoretically,
will also eoze true.

"For forty years I worked on jet-propelled engines and
thought that a pleasure trip to Mars would begin only after
several centurfes. But gimva are changing. I believe that
zany of you will vitnassiého first flight beyond tho_at—
LOSPhOTE . o4 o™ '

{Fron a speech dy K.E.- Tsiolkovsky
Tecorded in 1933)




B -1-

_ PUBLISHERS' NOTE N :
On July 1, 1957 began the International Geophysical

Year. Joining their efforts, scientists of 64 countries

are engaged in extensive investigations of the coatinents
P \
e s and islands, seas and oceans, the depths of the sea and tae

-

atmosphere. _
To be studled are the aurora polaris and glow of the

air, the cosmio rays, terrestrial pagnetism, the earth's
gravitation, and solar radiation; also the ice situation,
the physics of the ionosphere and a number of probleas of
meteorology, oceanography, seismology, and so oua.
‘ Occupying a spscial place in the researsh is the study
of cosmie space, ome of the - fascinating tasks of moderan ,
science. It is of tremendous interest for physics, astrophy-
sies, astronomy, meteorology, aviation, chenistry, biology
and many other-spheres of science.
An important place im the IGY programme has been assigued
to this explorwtien: which is being conducted with the aid
of rockets and artificial satellites of the Eafth.
The Soviet Union plams to launch.}zs rockets, to rise
from different poiats in the USSR approximately along the
- saze meridian, begiuning with Franz Josef Land beyond the
Arctic Cirele, and from starting grounds in the middle la-
titudes belt. Rockets are also to be launcheéd from the area
of Mirny settlezent in the AntArctic. The Soviet rockets
will take up containers with instruments for different
kinds of observatiocns 100-200 kiiometres high. The United

States plans to send up 35 rockets, and Britain, France and 3
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Japan, also intend to lauach rockets forlresearch purposes.
The IGY's most important problem is the launching of
> artificial satellites of the Farth. The very ezdlen of the
IGY is a picture of our planet ringed by an ordit of a
moving artificial earth satellite. Pnly two countries --
the Soviet Union and tho United Btatés -- have decidod to
- undertake to oarry out this task, one of the grandest man
has ever set hiaself.
Ou October &, 1957 a truly history-making event took
placa == the Boviet Unlon successfully launched 8putnikel, .
the first artificial ocarth satellite. And Defore another
full zonth had passed it was followed by Sputaik.2., its
younger but nuch bigger dbrother, which took up to the
fringo of outer space the dog "Laika", the Eurth's first
nessenger. .
The launching of Sputnik-l was a great triumph of
zan over nature, Kan had surmounted "the physical Marriers” i

‘which have kept him out of coemic space; he had overcoze '

the force of gravity aand the resistance of the atmosphere. ;
Kosever, there still remained the -biological barrier, as ‘
yet unexplored. Could a living organiso endure the con-.

ditions of space beyond the Earth's atmosphere? "Lalka's"
_beartbeats heard by the world's radio statiors furnished the

answer to this question. This is the first step toward !
man's travel in cosmic space. .

In this booklet we offer for your attention material

A published in the Soviet press in connection with the launch-
- irgs of the satcllites, amons theam articles and other pub-

. lications by the following autchorst
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Academician V. Ambartsumyan, President of the Academy
of Sciences of the Arzénian S5R; Academician A. Blagounravoy,
rcadeaician — oecretary of the Technical Sciencss Scction
of the USSR icademy of Sciences; E. Blinov, Corresponding-
Mezber of the UooR Acadewy of Sciences; S. Vernov, Corres=
pocding-Member of the Acadeny: K. Gilzin, Candidate of
Technical Sciences; Prof. Y. Dobronravov, Doctor of Physical
and Mathematical<§ctences; S. Dolginov, Candidate of Physical
and Mathesatical Sciences; P. Isakov, Cindidate of Biological
Sciececes; A. Karpenko, Icarned Secretary of the Rational
Cozmzission for Interplaunetary Conmunication of the UvoR Acadeny
of oeiences; V. Krasovsky, Doctor of Physical and Mathezatical
Seiences; Y. Krylov, Cacdidate of mechnical °ciencesy Prof.
y. ~omadin, Doctor of iechnical 9clences; V. Parin, Member of
the Acadeay of Medical Sciences of the USSR; . Pushkov, Can=
didate of Physical and Mathematical Bciencesi Prof. A. Predvo-
ditelev, Corresponding Meober of the UiLLR Academy of Sciences;
Prof. Y. Poredonostsev, Doctor of Technical ©ciences; Prof.
G. Pokrovsky, Doctor of Techn}cal bBeiences Academician
A. Topchiev, Chief Learned Secretﬁry of the Presidium of the
US3R Acadeny of ©ciences; A. Shternfeld. Winner of the ‘

Intercational Prize for the Promotion of Astronautics, and

others.




1. HISTORIC EVENT IK THE DESTINY OF MARKIFRD

'Our epoch is rich in graat discoveries in the fizlds
of science and technology, and soxe of\¥ben are so great
that it is sosectizes hard for us to assess then prop<ryy
at once. Space flights and an artificial Zarth satellite

have been discussed in detail in the scientific literature

of different countries for a long time, ard one would think .

tnat the importance of this question had long been realised. |
However, now that the Soviet artificial satellites have been'
successfully launched and are whirling over various countries
the history of the question should be re-exazined once nore
and the success achieved assessed in a new waye.

Many uchievezents of science and technology can bLe
evaluated core correctly and odbjectively by first ascertalin~
irg to what exteat they bave given Jan greater power over the
forces of nature.

If we approach tLe event of the -successful launcbing
3f the Soviet artificial Earth satellites froz this viespoint,
we zay say the following:

Most biologists today are inclirned to the view that
organic life, the highest manifestation of which is zan, had
for zore than 1,000 million years after ezerging 02 Farth
een bound to Mother Earth, her hydrosphere and atmosphere.
And now we are witnessing the fact that sachinery developed by
zan has 1art.the Earth acd its ataosphere and is strikicg
root in cosaic space, where nothing emergizg on the Earth

had ever been before.
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Obviously it will not be zmany years before flights to the
Moon and other plazets will be made not only dy automatiq
space ships without crews but also by vessels carrying beople
on board. '

In other words, we are now stanélné on the border line
of two great epochs., The epech 1in whiel the 1ife of can was
eonfined to the Earth is conlng to a close, and the epOch
of man'a-striking root in cosmic space is beginnicg. From a
terrestrial being man is beecoming a cosmic being..

Thers can be no doubt that this transformation will
have little offect oa the course of mar's normal life on Earth
in the next few yuars or even uvecades. However, fhere can '
be no doubt either that prospects are opeuning up for future
centuries and millennia which we cannot begin to assess
simply because there is no appropriate yardstick.

We may say that there are in science and engineering
"tacticai“ ahd-"strategicsl" achievemenps. “Téqtical" aéhie-
venents rapidly becoae part and parcel Bf life, bringing us
zuch thaf is usoful but ot changing tke nature of man's
social existence. "Strategic™ achieverents do not affect:
the 1life of irdividuals directly. Their pructical effect
zanifests itself slowly, but then they radically change all
relations 6t hunan society and its eavironment.

We can assume that achievenents such as the sudju-~
gation of fire, the making of metals, and so oh. were
"strategical™ achievaments of technology io hoary antiquity,
But presumably all these human accomplishments are a trifle
conpared with the conquest of eosmic space. Only the dis-

covery of nuclear energy -— an achievement of our days --




can in any way be coazpared with cosaic flights.

The beginnfag of space fiights opened to a;nkind the
prospects of conquering endless space. Nuclear energy and
cosmic flights Jsogether open up to humanity boundless vistas
for further development.

To master nuclear energy and cosmic flights fully,
seience, ensiueiring and the economy have to be planned and
panaged in the interests of husan society as a whole, and
it is therecfore far froa accideantal that it was precisely ‘
the Boviat Union which has found an excellent and reliable

solution of the prodblex of wuilding and launching artifi-

243l Earth satellites. ) . )
Russian science has splendid traditions in the dbuild-

ing of rockets.ddvanced seientists and inventors have
occupiecd tnecselves with prodblems of rockets and jet propul-
sion since way dack. ¥Many valuadble works on powder rockets.
wers put out by K.N. Konstantinov, an exipent artillery
ergineer, who worked in the first half and #she middle of
the 19th cectury. In 1881 the famed Russian revolutionaTy -
N.I. Kidalchich suggested the idea of vertical flight by
using a j«t engine to overcomethe fcrce of gravity, and
towards the end of the 19th century Professor N.Y. Meshchersky
of Petersburg Polytechnical Institute devolgped the theory

’ éf Sodies of varisble mass, which is even.today the -
basis for all ealculations in the sphere of rocket engineer-
ing, However, the most recarkable occurrence in Russiaan
science in this direction is the works of X.E. Tsiolkovsky,

works which received universal acclaim for dbrilliance. in

their purposefulness, concreteness and olassic sizplicity,
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Tsiolkovsky was the fijst in the history of sclence to

work out the principlg4 uncerlying the theory of jet

propulsion and the geriqral theory of space flights as

early as 1903, and a dqncrete sc?eme of multi-stago cosmie

rockets in 1929. A ‘
Towards-the end of {fhe twenties groups of engithrs

worced on a number of iqoncrete problems in the physics and .

tachnology of Jjet propylsion. Tsiolkovsky was tirelecsly
carrying his research!in the dynsaics of rockets whioh he .'
had begun at the begidring of the century, and by that

tige he had come to tﬁe conclusion that a one-piece rocket

powsred by cheaical fudl would not be able to attain cosmic

speed (8-11 kilometres a second), and in his search for
the solution to the prgblem of attaining greater speed
he conccived the idea:cf multi-atage rockets, anm idea
which proved so rruitéul.

Research in jet propulsion was placed in the category

of research of speciaﬂ tate importance as far back as.

carly five-year plans,
1

{n the thirties, long

nd this made it possible carly
efore similar work was bsgun in
other countries, to ¢ ; uct stand tests of jet engines
{ia the UsoR, and in 193 to launch a rocket designed and
built by engineer K.K.rrikhonravov for meteorological ob- .
servations. '
After the war Soviet] scientists began to design loung-
range guided rocxeta.!
In 1947 regular iuvl tigations of the upper layefa of

the atmosphere were beghn with the aid of instruzunts lifted
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{n rocksts, and study was degun of the processes taking
. place beyond the atmosphere. It wis discovered that the
Sun radiates X-rays, data was oQtaiued oa the cheaical
conposition of the ataosphere OVe; 100 kilozetres high,

a study was made of the concentration of free charges in
the ionosphere, which plays a very iaportant part in
short-wave radio concunication, observations were conducted
of the condition of a living organisn in the state of
weightlessness, which occurs during the free flight of a
rocket, and a nymber of other valuable investigations have
been carfied out which have widened the horizons of sciéué
t1fic knowledge and have paved the xay for man's flight in-
space.

The artificial satellites were laurched in the USSR

under the IGY programme. )

Artificial satellites are of importance purely for
_scieatific reseerch. The programze of scicntific measure-
cents on the artificial Earth satellites i{s very droad,
encoapassing rany divisions of physics of the upper aimos-
phere and study of outer space near the Earth.

These probleas include: a study of tie state of the
{onospher2 and its chexical structurej measﬁrenent of itsz
pressure and density; a.gnetic measurexmentsi study of the
nature of the Sun's corpuscular radiation, of the pricary
composition and chiuges in comsic rays, of the ultra-violet
and X-ray regions of the Qua‘s spectrun, the electrostatic K

fields of the uppar atmosphere and nicroparticles, and,

lastly, a whole series of investigations into the vital




activity of the living organisn in cosaic flight.}

-6~ o

To obtain all essential seientific data from the
\,
flight of the sasellites their povemernt has to be syste-

matically obvserved by means of astromomical (optical)

instruments, radio ané radar aids.

Observations of satellites can 02 conducted by sciente

|
{sts 1n all countries, snd tkis vill serve as a basis for i
fhe growth aund eorichment of all of world science. The ;
Soviet sputniks therefore not only symbolize achievenents !
of the Soviet Union but also the friecdship and co~opera=-
tion of all peoples with the alm of giving man greater
power over the forces of nature for the benefit of all
mankind.

- IX. THE SPUTKIKS

The Prablen of Lagnchiog Them
The difficulty of launching an Earth catellite is due

first to the fact that 1t has to be imparted colossal spced: _
7o indicate what these difficulties are it is enough to

mention one figure: a Tocket (single-stage) capsble of

attaining the so~-called primary cosaic speed_(roughly eight
kilometrss a secoad), at wri-n it will become an artificisal
satellite of the Sarth, has vo take along 150 to 200 times

as nuch fuel by weight as weigh its body, instruaents and

_source of power required for the functioning of the irtru-

ments. 60 far we have succeeded in building rockets in
which the weight of the fuel is 75-60 per cent of the total
weight, in other words, only four times as such as the

weight of the rocket itself.
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But even 8o, even under these conditions, prizary cog=

mic speed can be attained by applying Tsiolkovsky's idea
of a multi;stase rocket, made up of two or three ronkets,
with their engines working in turﬁ> When the fuel of'fho i
first (rear)._rocket has been used up this stuge falls away d
and the second atarts worilns. And when the second hae '
used up its fuel it falls away and the third will take -
the artificial satellite to its orbit.

It took many ycars of hard work by large teans of
ergincers and scientists to put into flesh Taiolkovsky's
daring ideas. The greatest difficulties wer. ezncountered
in workirg out the carrier rocket which wus to place the
satellite in its orbit. The rocket had to de light and
durable and it Lad to have powerful yet very light jet
engines wiich could operate under the difficult tnernoal
coaditions acd would ecsure a propelling force of ﬁundréds ’ !'
of toas for a sufficiently long period. Keceded too was dq L -
exceedingly precise and reliable system of comtrol over
the rocket's flight. And, firally, coapact and light power
sources had to be desigr:d for radio tracsaitters, and
automatie and rezote-coutrolled equipzent which could be
"relied upon to function for a comsideradle time under con-

ditions of interplanetary'flight.

BOCKETS
Present-day extra long-range rockets desigued to fly !
at sul~-cosaic speeds high gbove the Earth's surface, are . ‘
set going by liquid~fueled jet engines. In the main

part of sush an engine =~ the combustion chandor --
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special fuel is burced eontinuously and the gases produc#d
* are ejscfed. developing the force of recoil, or what is
called the engine's thrust. Bimce a rocket over zost of
its‘patb has to fly in extremely rarefied layers of the
ataosphers, where the aaount of oxygéh required for the
burning of iny.sudbstance is zegligible, the oxygen has to
be carried on the rocket alo;g with the fuel,

In order that the rocket earrying thc artificial satel-
lite z=ay attain the rc<quired speed, the engine has to de~
volop a great propulsion force. The rocket should weigh 4
as little as possible. Several ergincs have to be installed ° ii
{a suech rockets, for to attain a propelling force of even Y

several score tons froa one ergine is a prodblenm which has

not yet been solved.

Even on the best prusent-day rockets the structure weighs N
ahout 20 per csnt of the combined weight of the rocket, R : r}
aad fuel. That 18 why the first thing that has to be |
done 1s to zmanage to attain the speed of cosolc flight B ,4

with less fuel.
K. Tsiolkovsky showed that tc accooplish this it will

be necessary as far as possible to increcase the speed at

e 2

: which the gases produced by the combustioan of the fuel flow
S out of the engine, and then each kilograa ot fuel will
produce a more powerful "recoil,” and tnen less fuel will

be required to obtain the needed propulsion force for

58 acceleration.
e How is that to be done?
g The answer to this question has long ago been furnished

il
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by thermodynamics and heat engineeriug: what should bde
donz is to take the most calorific fuel and burn it in

the coabustion cnazber under high pressurec.

Ian an engine working efficiently on such fuel, pressures

of 50 atmospheres or core should be developed at a tempee.
rature of soae 5.000°. Although such at engine functions

very briefly“(n fcw oinutes), no waterial availadble to

englacering could stand the strain of work under these
conditions. 4And such a prodlen has never conme up before,
as tie nost powerful taerzal engines of other types developed
only between 100th ard 1,000th part of the power deve;oped -
by liquid-fueled jet engines.
To build a reliadbly working engine it is necessary
first to solve the prodlea of cooling and of making its
v walls stroag enough. And that is not so einple. However,
even with good cooling it is very difficult to obtain a
wall temperafhre of less than 500-8000. ¥hicn zeans that .
the saterial of which the chazber is nade has to be excep-
tionally heat-proof. The problem of cooling 18 a basic
one but rcot the only ons. ’
To make sure that the engine works reliably highly com=- -
plex calculations have to be made of the rrocesses taking
- place in it, We have to know what laws operate in the '
nixing ard burnirg of the fuel, how to ensure that it is
uniforaly fed to the engine, how to produce safely tﬁe

inicial ignition of the fuel and, finally, what loads the

engine parts Qre subjected to while it is in operatiomn. .

Special atteation has to be given to ensure uniform

RN e Mol e L
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feeding and combustion of the fuel, as otherwise strong
vibratibns will aevelop, leading to the destruction of
the engine and the rocket. This prodlem is o less
diffieult than tne problezm of cooling.

Solution of all thase problems would be impossible
without the jaint effort of scientists working in the
£i21d of gas dynamics, the theory of combustion, hydraulies
acd the theory of coatrol., Only by starting out froam the '

accomplishments it these spherss of science have Soviet

‘ engirecrs becn able to design a powerful and reliably’
working enginme for the carrier rocket.

%ithout the work dore in ballistics, aerodynamics, gas
dyzaaics and the theory of strength it would have bcen
iapossible to build the carricr rocxet.

To cnsure that tce satellite gets exactly to the ordit,
thu whole path of the rocket nad to be calculated in ad-
vance. Experts in ballistics and aerodycaaics, especially
the latter, bad to labour much. The physical structure uf
the upper atmosphere differs sharply from the regdlar
atmosphere: because of the consliderable rarefaction Che'
gas molecules travel at treaerdous speed. At an altitude
of 300 kilometres the rocket triveling at a speed of seven
kiloaefrea a second comes up against o pressure of five
=21l1ligraas per square centigetre and as ihey bombard the
flyizg body the molecules impart their energy to it,

To make sure that the rocket or satellite do not burn
during the launching or flight highly cooplex computations

Lad to be made ?o deternine the force of resistance of
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+he surrouuding aedium.

It is nocessary to have an efficiont and exact system
of autoaatic control to look after the fuel feeding and
the flight charaeteristics, to detach the uwsad-up¢tages
of the rockets, and to keep the rocket in the set trajecs
tory. The following figures give an idea of what ia
deadanded of the control system of a rockets when {t
reaches its top speed of 28,000 kilometres an' hour (whieh
{s 20 times as auch as the velocity of souud), an orror
‘0of 10«20 rcetres a second in the speed or 0.5° in the direce
tion of the rocket's motion can prove fatal for the satellite.

A rocket is pade up of tens of tnousaads of parts, euch
porforaing a certain tisk. And if any of thex should'not
work perfectly the rocket oay not fly and 33y not oarry
out the prograaze set for it.

Extreae care in 2aking and asseabling it was ueceesary
t0 eLSUTe BUCCEBSB.

In the fcw sa2conds tnat if taxes the rockét to riso a
aoustrous power is devalopedzas the fuel durcs, reaching °
several aillion kw. The colossal speed of the outflow of
gascs froa the exzgice, which i8 éeveral tizes fasteY :
than the spea2d of a bullet, the trenendous tenperatures
ruquire special fuels and special constructions to nake it
poasiblé to use such fuela. )
It is not without interest to note that the energy of

tue usoful pass of Sputnik-2 , its kinetic force at a speed

of 8,000 metres a second 1is equal to tae energy of a

goods train weighing 320,000 tons traveling at s speed
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of 36 rllometres aa hour. Ko such train could travel

on railway traeks, for it would have to be made up of

thousacds of waggons, oaking the train several score

kilozetres long.
N\,
Of course, it is lwmpossible to attain a speed of some

8,000 metres a-second on land. Such spusd is possible

only in outer space where there 18 no resistance "at all."
The counstruction of the rocket for lauanching the first

artificial Earth satellites in the history of gankind

shows that Soviet science has reached a high degroc of

Adevelopuent in every sphere and is capable of solving the

nost conplex overall problems,
Tte Take~-off
How is an artificial satellite of the Earth launched?
It is done dy =eans of a culti-stage ballistic rocket, and
the flight of such a rocket can be pictured as follows.

+++ Towering over concrete grouxnds is the launching

outfit, and through the open-work structure of stcel trussus

Ean be seen the streexzlized rocxet set up veftically.
Innediately before the launching the steel framework of

the outfit is taken away on a special trick, the rocket

standicg by itself for a few 2inutes baefore the take-off

1s though taking ieave of the rarth.
The pvople le.ve the take-off grounds, taking sholter

beniud thick reinforced-concrete walls. The launching is

zade automatiecally, the instruments installed in the
rocket receiveing the order froa the comaand poiat dy

radio.

e By o —
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2 thunderlike roar deafens tne people, even though
they afe in the shelter, and a dazzling torchlike flane
bgrsts froa the rockct'nozzle, scorching the concrete.
Trhe rocket qQuivers as though hesitafing for an instant
arnd tnen slowly rising froo the gro@hd pounts faster and
faster towards the sky. It take off vertically to an alti-
tude of about two kilooetres, then, guidcd by a progranmned .
control device, it begins to slope in a vertical plane.
The first-stage rocket ecgine stops a ainute or two after
the start; dy that tine the rocket had attained a speed
of so:etﬁing like 7,000-7,500 kilosietres an hour and
reached an angle of about 45° to the Earth's surface,
After the first stage has fallean away the secoud-stage
engine starts, dbringing up the speed to 18,000-20,000
kilonetres an hour. Froa then on the rocket travels bdy
irertia 2rxeing in space & gigantic ellipse designed
s0 that its suanit touches the set ofbit. hurndreds of
kilometres iiigh and so that the path is parallel to the
Zarth's surface. By that time the rocket was more than,
1,000 kilonetres away from where it started.

Then comes the decisive mozent. The rocket is at
the set altitude but the speed is not enough to nake it
a satellite. If the rocket does not get a further '
inpetus, in a second it will start fallirng back on its
eourse to the Earth, along the second half of the ellipse.

But this will not happen, for the last-stage engine be-
gins to work. Another effort and the rocket picks up the
teeded eircular speed of something like 8.060 nd3roo :

P LR ST LTRSS I S LU Lttt
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a'socoad, 4nd then the rocket's engines grow silent for-

ever. A satellite has been born. ...

Pesign
Sputnik 1 is spherical in shape. It is 58 centimetres

{n diameter _.and weighs 8%*,6 kilogramoes. Its heraetically
gsealed ®wody is made of al;ninlum alloys ard its surface

is polished and specially treated. All its apparatus

and poweI BOUTTES are located inside tie body. Before
deing launched it was filled with a gaseous nitrogen.

On the outside surface aorials were put upy four rods
2.4 to 2.9 astres long. While the sputnik was taken out
to its orbit the aerials were folded back to the body of
the rocket, and after the two stages had fallen away
the aerials turned on their hinges, assuming the position.
shown on the photo. )

W%hile moving in its orbit the satellite is subjccted
froam tiae to tiame to sbarply changing heat influences.-J
heating by the Sun's rays while ou the 11t side of the
Earth and cooling when flying i:n the Earth's shadow, the
{ofluence of the atnosphere's heat ard so on. Basides,

a cartain acount of heat is generated when the cpparatus
on the satellite is working. As far as heat is concerned
the satellite is an independent heavenly body, exchang-

ing radiant heat with the surrounding space. To ensure

for a eonsiderable period the normal teuperature neceded
for the functioning of apparatus on the satellite is
therefore a fundaaentally new and rather difficult problen,

S
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The raeded temperature on the Sputnik-I was ensured by
{ncorporating in its surface the proper ratio of ebsorption
to the Sun's radiation and by regulating the heat resist-
ance between the envelope and the equipaent through the
forced circulation of the nitrogen ié the satellite.

Two radio-transmitters were installed in the eatgllico
constantly emitting signaf§7frequencies of 20,005 and
40,002 megacycles (15 and 7.5 metre wave-lengths respect-
ively). )

Sputnik-2, unlike Sputnik-1l, is the last stage of
thé rocket on which all of the scientific and oeasuring .
{ustrunents arc installed. This arracgement nas caterial-
1y sioplified the problem of deternining the satellite's
coordinates with the aid of optical instruments; our ex=-
perience with Sputnik-l showed that observations of the
carrier roeket were simpler than of the satellite it--
gelf. The earrlier roeket was brighter than the Sputnik-l.
Sy several stellar magnitudes. The cozbined weight 6f
the apparatus, of the animal taken up and source of
el-ctricity on Soutnik-2 anounted to 508 kilograntes and
300 gramaes. '

Installed oa a special frame in the forward part of
the last stage of the rocket are an instrugent for neasur-
ing solar radiations in the ultra-violet and X-ray regions
of the spectrun, a spherical container with the radio ~
transnitters acd other apparatus, and the nerpetically-
sealed chamber in which the dog was kept. The instruments
for studying the cosmxc.rays wefo mounted outside the dody

of the rocket. A spedial cone protects the instruments in
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the fraie and contalpers froa aervdynauic and therial
influences during the rocket's flight in the conse layers
Jf the atuosphere. After the last-stage ricket had deen

taken out to the orbit the cune was Jdisc.rded.

o pen e -

The radio trans.itters and their sources of electrie
N

city, the systew uf heat regulatiun anc the sensitive
eleuents registering the changes in the teaperature and
other parauetres were put up in the spherical container
which resenbles Sputnik 1 in d¢sign. . ;
Tﬁe signals froc tie transzitter on 20,005 iega- .
eyeles (15 uetre wave-length) sounced like telegraphic
elicks. They lasted on the average about 0.3 seconds,
Just as did the pauses between the., changing within
tertain 1li.its when there were ohanj;es in the parazeters . 5
in the spherical coutainmer (teuperature and pressure). . ,
The tran54£tter on 40,002 cegacycles (7.5 zetre waves

length) contiduously gave out signals. These frequencies

peruitted the investigations of the propagativm of radio
waves couinyg froc the satellite and teasureuent of the
paraczaters of its orbit, and audibility of the signals

%as ensured regaréless of the state of the ionosphere.

It should be aentioned that because of their rela-
5 - tively large weisht it was found possible to set up
powerful radin. transcitters on both sputniks. This

and the selection of the wavelenygth have ensured setting

sisnals *© fron the sputniks over great distances, enabling a
e great pany radio azateurs in all parts of the world to

sooperate in the observations. The latter's obgservations
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proved thet signals from the sputniks c¢:suld be relicdly A
rcccivcgyérdinary anateur receiving sots et ranges of
écvcral thousond kiloaatres, and in so.:c c¢ises 10,000,
12,000 aac 15,000 kilodctres. N '

The ¢ag was put in a heraetically s:ocled chaober
and to provide the conditions necded for thic guminal's
noimial esiistence during thc.observatioas a supply of
fasd was placed in the chaaber and an six-conditioning
plant, copsistins of a regenerating outfit and a systex of
hoat control installed. Also installed were instruuents
to rezister the dog's pulse, respiration and'blood
pressure, apparatus to teske clectrocardiorcas, and sen-
sitive eleacnts to ncasure teaperature ond prcssurc'in
the chaober.

The agiaal's chaaber, 1like the smiierical containcr,
is pade of a{huiniua alloys;: the surfoce is polishod uﬁd
specially troated so c8 to incorporatc in it the ncécssary‘
absorption to solar radiation ratio. The héat regulation '
systea installad in the contaiper and chauber naintaiﬁca
‘$ac tomperature within the fized linits, seading the heat
towards the cavelope through forced circulation ot the
£as,

Installed in tho last-stage rocket besides the

apparatus nenticned were a radiotelenctric outfit, an

instruacat for wcasuring the teapeoraturs ond an cloctric

povar source 5 provide power for thc scicutific and
neasuring apparatus., The tenpersturc on the outside sur-

face of tha aninal's chanber and iﬁsido o8 neasured

by acens of special *eaperature gavges. Tenvcrature

gauses were elso iostelled on individual iustruucats and
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structural olements, Tho radiotelenotric appsratus en;
surod transmission to the Barth, of thc‘raadings of all
nossuring instrunents on the sputnik., It ves tined to
ﬁransmit the raadinizs at regular igterv.ls.

The projranae of invasticatioﬁh conacotud uith tho

acasuroncnta-~on Sputnik 2 vos caleculated to vork for aovaﬁ
days after which the radio transaittcrs and tho radiotelonmaty. .
apparatus on board ceasad functioning, Furthor obsorvae .
tions bf the novenent of Sputnik 2 for studying the charactor-
istics of the upper atnosphere and pradicting tho sputnikis
aoveuent are being carried on by optical instfuncnta and
radar, '

IIX. THE _SPUTNIKS' ORBITS

iiissiles have beon shot over a lon. C(isvancas bo-

fore, but no aatter how fast they travelod they ol.cys
rconained vitiin the confinus of our plainct. Now that the
sputniks have beoen given a spaed roushly lo,timcs 88 great .
28 tho initial speed of sholls leaving lons-range suns,
thc;r flisht distance incroasad by loap al.uost to infinity:
oan~-aade structures bogan to rovolvo ersund our ploact Jﬁst

1iko celestial bodies, and if thers vews a9 resistance,

vhich though it does not smount to nuch ia tho rarifﬁed
air is nevertheless opprecisble their noveent tould naver
stop. |

Tho artificial satellitcs do not ..9v3 vuestward, as
do all hezvenly bodies. Obsorvers, depcading on where they
are, séc'thcm flying northeastward or southwestward, and

obseryers near the 65th paralleli in the ncrthern or southern
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’ heaisphere see then on rare occasions flying in an eastern
directiva.’ It cay seec therefors that the curve along which
the sputniks nove is very intricate. They move in orbits that
are ellipsus, {in first approximation, with one of the foeci

lying in the Earth's ceatre. N

Sputnik ).

- Since the E;;th rotates on its axis, the sputnik should
arpear over a different area, at each succeeding turn, shifting
approxiuately 24° in longitude each time. Actually, the longitu=-
dinal shift will be a little greater (roughly a quarter deg-
ree greater each revolution). As a result of the Lotion of
the Farth relative to tne orbit plane each succeeding tura
will pass approxiuately 1,500 kn. west of the precedinyg one
at Moscow's latitude, while at the equator the shift is
roughly 2,500 kilozetres.

The plane of the sputnik's orbit is inclined at an
angle of 65° to ;he plane of the Earth's equator, as a result
of wiiich the sputnik's path crosses the land areas lying
approxicately between the Arctic and Antarctic Circles.
Because of the rarth's rotation about its axie the angle of
slope of the path to the equator differs frou the angle of
slope of the plane of the orbit. On entering the northern

heaisphere the path crosses the equator at an angle of
71.5 degrees in a northeasterly direction.

Then the path gradually turns nore and Lore to the east

and touchins the parallel neeting 65° ReL. it deviates to
the south, crossing the equator at an angle of 590 to the

southeast. In the southern hemisphere the path touches the

> *-
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paralici neeting 65° S.L., after whish it is deflected to
the north eand again enters the northern hecisphere. (See
pleture).

' Owing to the large angle of slope to the plane of the
Earth's equator the sputnik flies ovéé aluost all continents

and expanses of water, except some small regioms beyoand the

Arctic and Antaretic Circles. This has opened up cousidere

able possibilities for solving various scientific problens,
It can be stated that launching the sputnik on thi~ orbit

is a more difficult task than launching it on an orbit near
to the plane of the equator. If launched along the " equator
the speed of the Earth's rotation about its axis could be
utilised to a larger extent to accelerate the speed of the

rocket.

How to Pind the Orbit

Soutnik l-lade approxiuately 15 revolutions around the
Eartﬁ in 24 hours in the initial stage of flight.

Readers can easily see what areas the sputnik will fly
over and when by doing the following.,

Put a ring around a globe at an angle of 65° to the
equator and fasten it to th2 leg of the globe. At a cer-
tain sozent, let us say, when Sputnik flies over Moscow
turn the globe so that Mcacow eomes in the plane of the ring,
whiceh represents the orbit of the sputnik. Now by sicple
calculation you ecan figure out where the sputnik is at any
particular tize. For instance, let us locate Sputnik after
it has passed over Moscow, In one ninute Sputnik flies
over 360° aivided by 96.2 (the period of its revolution
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'arouad the Earth in the yxiven tiue; we @rbitrarily took the
initial periodl/} 78 degrees and in 12 zinutes, roughly 45°,
Mark the ring accordingly. During the sare tine the Earth
has turned around its axis three degrees to the east, and
the nark on the ring will show the spot sought.

In the é;me way we can solve the problem in Treverse,
naizelys the tise whenm Sputnik Passes over a particular localie
ty. We can also figure out whether Sputnik will fly over a
particular territory at all,

If we cake with the help of this devige the consecutive
projuctions of Sputnik on the globe along its orbit we shall
{ind that the 16th turn of such projection coinrides aloost
exactly with the first, the 17th with the second, and 8o
on.

Ve nay say that Sputnik 1 appears at regular intervals
(with slight Variations). since every 24 hours it appears
Over approxirately the saue area over which it had already
flowa,

Using our dgevice (the ring'ané globe) we can easily
understand a nunber of other featurcs of the uove.ent of the
artificial satellite.

It Day be thus; an observer notes, for instance, that
Sputnik travels in a southeasterly direction., Then sone
tile later it again appears over the sa.e area but fbis tine
flying northeast, Does this wean that Sputnik is flying in
a different direction? 0Of course, not. Sputnik keeps re-
volving all the tiae in a 80-called atraight direction, and

the apparent change in direction of its uoveuent is due to
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the fast that 4n the interval between two regular obser-
vations the observation spot on the Earth's surface has
nade along with our planet half a revolution (or ome and a
half, two and a hulf revolutions, and so on) about its’
axis. N

/8 Sputnik uakes a cooplete revolution the observation
point on the EaTth's surface shifts, as a rcsult of the
Earth's daily motion, 1,130 to 2,670 kilomestres, depending
on whether the observation point is on the 65th parallel
or on the equatof. However, if Sputnik were up at an al-
titude of even 200 kilonetres the diaueter of the area
fron which it could be seen would be core than 3,060 kilo-
l.etres. This —eans that approxinately an hour and a half
after the artificial satellite passes over the given locale
ity it would again coae into the fiela of vision of the paTe

ticular observer. But that does not adean that it really

would be notié}ﬁ, for this would fequire speciél condditions,; .- - ":"

naniely, that our "little star” should be flooded with sun-
shine, and the surfece of thé Earth where the observations.
are conducted should be dark, Twilight is therefore the best
tine for observations. ‘

Fron what has been said before,it is clear that the ar-
tificial satellite will never rise in the east or set in the
west as we aTe accustoned to see the Sun do. Why is that so?
Theoretically it is possible to‘launch a satellite to revoivu
g0 to speak in the general streau of heavenly bodies.Practical-

1y however,this is not done for the following reasons.Rotating
as it is on its axis the Earth can help in the launching of

an artificial satellite if the latter is launched in the sane
direction,or hinder izparting to it the nesded speed if it

is launched in the opposite direction. (Ths Earth, as we know,
noves fron west.to east).

.oy
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However, to turn %o Socount the sﬁ;ed of the Carth's
rotatién ig not nlways expediont. In faot 1¢ tho
satollite is lounched in tha direotion of tho Zarthls
métion 1t will fly only over a belt confined on tho
north and south by the parallel of\%he’atarting point
relative to aither sphere. For Sputnik-1 n compromiace
deoLsion was adopted under_which the Earth's daily

rotation is utiliced to an insignifioant degree. Thie
is apparently because of the tasks connccted vith
the Internaticnal Geophysioanl Year, namely, that
Sputnik should fly over as much terrestrinl space as
‘ possidle. .
The Evolution of Sputnik-l's Orbit

we
In our reasoning before/cssumed that Sputnik moved
clong 1ts orbit at a uniform specd. However, cven whore

there is no -&ir resistunee this movenent iould be

possidle only it the orbit were o perfoot cirele_
its centre ooinciding with the Carth's contre. ctually,

however, Sputnik describes an ellipse, and ‘for this
recson, when it passes throush 1ts perigee (the point
on the orbit nearest to the Carth's centre) its speed
is apprcciadly greater than when it passcs through its
apogsc (the point on the orbit farthest from the Sarth's
centre). As to the elliﬁse along whioch Sputnik moves.

1t may be pointed out that 1t 13 very slichtly flattened:
tho difforence in length betwcen its major and minor
axes is less than o guarter of one per cent. As con de

i secn, this is prootically a oircle, but the contre of
this "eirolo" is & 1ittle off from the Earth's oontre.
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The period it takos Sputnik to circle the Zarth
gradually changes because of the brakinr force it
encounters, ond os the orbdit contracts the period too
will grow shorter. The zcpidity with which the period
ohenges will serve to show how fast the shope of the
orbit ohange;t Since on great heights where Sputnik
movYos thé donsity of the atmosphere is very small tho
ovolution of the orbit will at first dec very slow.
The heirht of the apogec will decline faster then that
of the perigec and the orbdbit will more and more approxi;
nmate & circle, and when Sputnik enters the denser layors
of the atmospherc the braking force will bo quite
substﬁﬁtial. Sputnik will then grow ourning hot and
burn up like metcors froa interplanctary sﬁacc when

thoy cnter the Carth's atmospherec.

Othex conditions being cqual, the ﬂrcofcr iho -aea sl
of o satcllitc the longor 1t v111 survivo, sincc thc
croctcy the mass the less speed 1t will losc on oroasinp ’

throush upper layers of the ctmoaphcrc.

\thy Liust the Rocket and Sputnilc Burn up?
After the takc-off the rocket used for launching

a satcllite rises straight up, which concbles it to eross -
the lowor and donse layers of the atmosphcre the shortost
way. The rocket!s spced riscs graduclly. Pnssing throuzh
the donsc layers of the air there is not emough time for

it to become greatly ovorheated; it will thorefore not durn
and manage to get out to a greater altitude where the air

is vory much raroficd.
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Ou returnlng to Earth the movement of the satellite
and carrier rocket will preseant a different picture.
Gradually desecending the rocket and satellite will enter
the dense layers of the atmosphere at a tremendous speed
and at a relatively szall angle to the horizom. Moving
towards the Barth in a spiral they will have to travel
longer in these layers, and ;s the friction of the air
will be very great both bodies will rapidly grow very hot
and "bura up."

Apparently the carrier rocket will bura up first as

it will land in the lower strata of the atmosphere some-

what earlier.

‘Ate There Iapermissible Orbits for Satellites?

First of all; the ordbit of a satellite nust absolutely -

l1ie in one of the planes passing through the centfe of the
Earth. A satellite can be daaigned to revolve in the plano
of any meridian or in the plane of the equator, but its
ordit will never stay in the plane of & pavallel. &
satellite launched on such an orbit will certainly shift
to the plane of the equator or fall back on Earth. A

A satellite's path has to lie at a great height, beyond
the dense atmosphere, otherwise the resitance of the air
will act as & brake and the circular flight will turn into -
a spiral, ending in the satellite falling to earth. TFor-
tunately, it i8 not necessary to 1lift it too high. In the
neighbourhood of 200 kilometres above the Zarth the resist-
ance vf the air is virtually impalpalble. .

In selecting orbits for future satellites specific reiturée

—— v
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of somt of them must be taken into account. For imstance,
a characteristie feature of an orbit at an altitude of
557 kilometres 1is that the satellite's period of re-
volution along it will equal exactlyan hour and a half,
and it is therefore sometimes called an "hour-and-half"
orbit. Traveling in it the satellite will circle the
Earth 18 times in 24 hours. Moving in a "two-hour" ordit,
which lies at an altitude of 1,669 kilometres, it will
cirele 12 times. Obviously there is also a '"24-hour"
orvit, for which the period of revolution will be exactly
24 hours. This orbit should be at an altitude of appro=-
ximately 36.000 kilometres. Especially interesting is a
ZAThour orbit in thé plane of the equator. Indeed, in
such a case the satellite, which actually travels at
breakneck speed, will hover mbtionless over ﬁouo point

of the eqﬁatér as though on top of ah invisible tower
tens of thousands of kilometres high. There are also a

number of other no less interesting orbits.

Sputnik-2's Ordit

Sputnik-2 was taken out to its orbit by means of a
sectional rocket. "hile being taken out to the ordbit the
rocket rose to an altitude of several hundred kilozetres
above the Earth's surface and on reaching the end of take-
out seector the last stage moved parallel to the Earth's
surface at a speed of more than 8,000 metfea a second,
becoming an Earth satellite. By the ticze it reached the

orbit the fuel in the rocket's tanks had been used up

and the ‘engine stopped. Thereafter Sputnik moved by kinetic
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energy gained by the rooket while it was sped up into

the ordit.
‘The speed imparted to the rocket's last stage was higuer

than the speed needed for Bputnik‘s\movement in the circular

AN
orbit at a constant altitude at which it entered its orbit.

Sputnik does mdt therefore move in & circular orbit but ia

an elliptical, its farthest point from the Earth being

roughly 1,700 kilometres, or almost doubls the highest al-

titude attained in launching Sputnik-l. Since the ssmi-

majer e3is of Sputnik-2's orbit is larger than that of

spucnik-l. the period of its rotation around the Eartb45159

proved greater, initlally amounting to 103.7 ainutes.

- Qwing to the greater period of rotation Sputhik-2 makes

some 14 complete turns around the Earth in 24 hours, while

Sputnik-l 4n the initial period made about 15 turns.

Because of thé Earth's rotation the shift of Sputnik-2-- -

with each successive turn is 1.15 times greater rel&five to S

Sputnik-1l, and the distance on the Earth's surface between ™

the paths of two nearsst turns has grown to the sanme

extent.,

The resistance of the Farth's atmosphére acts as a brake

on Sputnik, its orbit changing its slze and shape. Owing

to the fact that at great heights the atmosphere is very -

thin the braking force acting on Sputnik doc¢s not amount

to much. At the point of apogee the Sputnik moves at such

a great height that it is in outer space beyond the EFarth's

atnosphere, which according to theoretical calculations

axtends to an -ltitude in the neighbourhéod of 1,000

kilonetres astove the Barth'x surface.
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The braking force operating against a satellite de-
pends not only on the deunsity of the atmosphere but aleo
on the ghape of the satellite and on the ratio of its
wight to cross-section area: The greater this ratio the
snaller the loss in speed: N

Two satellites taken out to the same orbit but mov-
ing against different brakin; forces will after a certain
period uwove along different orbits, since their orbits
will vary with time at a difrferent rate. And while the
orbits are contracting it is mainly by decrecase of.the
apogee height.

Sputnik~l and its carrier rocket at first moved
approximately in the same orbit and their periods of
revolution differed slightly, being about 96.2 minutes
for ecither: Later, owing to the fact that Sputnik-l exper-
their orbits

ienced less resistance than the carrier rocxet
began to diff;;.materially._ N o o

The»brakins force operating;egainst both the carrier ‘
rocket and the Sputnik has changed in time as a reﬁult of
the change in the orbit's parameters. As the orféc.loweréd
the braking force increased progressively. This/distinctly .
confirmad by the findings of the observatioas.

How long a satellite will survive depends on the brak-
ing force of the atmosphere. Obviously the greater perioa .
of revolution and the less braking force the longer it will
survive. Estimates based on data odbtained from the obser-

vations of Sputnik-1l and the carrier rocket suggest thaf

.S:ntnitxxiiixxxn:uba:xu::ahhin:ziﬁktxtkzx:xnnxxtxxfx:uxthnx
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TOOeE XXX IX T BEITER S rxxIx L s XEFREXXILBL Sputnik-1,
Jenuary 1958.
will move in orbit apparently until rxzxxixzer
The carrier rocket will not last as long, and it can bé
expected to burn up before Sputnik.‘\The greater period
of revolution of Sputnik-2 and the ;;aller braking force
it experiences warrant the statement that Sputamik-2 will
move in orbit appreciably longer than Sputnlk-1l.
When the trajectory measurements have been worked

up it will be possible to establish fully the whole process
of evolution of the parameters of satellites' ordits and
to obtain important informA&iou on the distribution of thu
déusity of the upper atmnsphere. Later on it will be

possidble realidly to predict how long artificial Earth

satellites will survive.

IV,  WHAT MAKES SATELLITES MOVE?

Hoderéi?eleatial mechanics is based on the law of -
gravitation. -The artificial satellites move around the

Earth like hcavenly Yodies. The movenent of the little

"ioon" is subJect to the same laws of celestial mechanics’
as that of the real Moon around the Earth or the movement
of the Zarth and other planets of the solar system arouand
the Sua.

Satellites move around the Earth at great speed. If
there had been no terrestrial attraction the satellites
would be moving in a vacuum uniformly and in a straight
line, and would disappear in outer space. The iarth's
attraction distorts their path, making them circle the Earth

and move around the Earth along its surface.
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The force of sttractiou actinz on the satellites is
cf a definite zagnitude, and tkhat is why they canm make
tuelr circular povezent around the Barth omly at a certain
and quite definite speed.
Tae Beeded Spued

Tbe approxicate value of this so-calied circular speed
can be deterui£;d on the basis of tke following rzasoning.
In order tkhat a satellite moving around the Earth shculd
continue at constant altitude 1t zust c¢very instant @t a
far away from the Earth as it gets anearer to it iao its
continuous dropping. In the first second a body faliing
freely to the Earth loses approximately 5 metres of altitude.
Odviously in this second the satellite has to get away
froz the Earth the saze five metres so that there is no
chaoge in the altitude at which it is moving. This mages

it possible to build a right-angle triangle and makiné use

of tae Pythagﬁfean theoreh; to figure out the spued we waﬂt.'“~"

For a satelliié noving not very far away from the Earth's
surface the speed ik equal to roughly eight kilometres a
second. |

The question may aris. why the speed is the same for
bodies of any weight when the force of attriction acting

on a heavier body is grvater. At first sight it would
seem that such a body should move around the Earth in a
circular orbit at greater speed decause of the action of
ferce of attraction. However, if we bear in mind that
it is harder to deflect a heavier tody from movement in

a straight line, and exactly as as amany times more as it

-eighs more, it will become clear that the speed of a
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cateliite's movement should not depend on itsweight. The

specd of muvement of Sputnikel in its orbit therefore will

be' approxinately the same also for other and heavier satel-

lites. \\

It should be mentioned that to launch heavier satel-

lites it is necessary to hurdle a nuuber of other obstacles.

That is why their launching will be a new and important

stage in the development of science and engineering.

Altitude and Spced

The required speed of a satellite changwvs with alti-
tude. The force of the Earth's attraction diminishss as
the distance from the Earth increases, and qperefore in a
higher orbit a satellite must move at a lowsr speed. For

satelliteos moving in different orbits lying about 1,000

kilonetres aboye the Earth's surface the differgpce.in_ﬁhe_

speed of motion is comparatively small. However, for

satellites moving at consideradbly sreater distances from -

the Earth the spezd appaars to be substantially less. _
For instance, the Moon, which i8 also a sutellite of the ’
Earth and is approximately 380,000 kilometrc¢s distant from
it, poves around the Earth at a velonity of about one
kilometre a second, that is, a speed roughly one-eighth
that of a Batellite flying close to the Farth. Bearing
in mind that the Moon's path around the Earth is much
longer than the path of an artificial satellite per revo-
lution, it will become clear why the Moon revoives around
the Earth not in an eighth of the time the Sputnik does

but much more slowly.

'
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In order to launch an artificial Earth satellite it
has to be lifted to a great height and accelerated to the
speed required for its movement in the orbit at that height.

No energy is expended as the satellite moves in its
orbit. The satellite has no ené}ne, moving solely at the
expeuase of the speed imparted to it by the carrier rockef-

Because in a higﬁér circular orbit the satellite
aoves at lower speed, it follows that when the satellite
is taken out to such an orbit it has to be accelerated
to a lower speed. This however does not mean that it is
easier to luunch a satellite om a higher circular orbit
than on a lower one. The thing is that in launching a
satellite the difficulties in 1ifting it to great alti-
tudes are very great and the higher the altitude the
greater the difficulties. ' .
Ve pointed out before that at every height the move--‘”-"
ment of a sutellite in a circular orbit has to proceed -
at a definite speed. If the speed is less than the one
Tequired, the Earth's attraction will defluct it more ‘easi-
ly from a straight line; the path will be distorted in the
direction of the Earth and the satellite will begin to
drop. If the speed 18 only slightly leas than required,
the drop will be relatively small, and the satellite,
alter drawing closer to the Earth apd gaining a cerfain
speed theredby, will be able once again to rise to fhe
earlier height, repeating the arop and rise periodically

on each revolution.

If the difference in the speed of movement from the
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circuler is somewhat greater, the drop may prove precipit-

ate. The satellite will cater the dense layers of the

atnosphere, and after losing its energy &s a result of

friction in the air it will not be able to climb again,

and dropping lower and lower will grow terrifically not and -

\,
N

buran up in the atmosphere.
If the.speed of the sateliite at the point a¢ which
it enters the orbit is comsiderably grcater than the circul-

ar specd required for its motion 1n the clrcular orbit at

a constant height it will be harder for the force of gravi{y :

to deflect its course closer to the Earth's surface and the
satellite will then be able to rise to a very gréat héigﬁt,
much higher than to which it was originally lifted by the
rocket. Should the speed reach something lixe 11.2 kilo-
netres a second or more the satellite will disapgpear in
interplanetary space.

?husim}p order that the satellite may move in an
orbif at thefpredetermined altitude its speed haﬁ to be.
quite definite. It is impossible to design another sa-
tellite to move in the same orbit at a different spsed.

A speed of eight kilometres a second is called priQ
mary cosmi¢ speed. It is the speed a satellite must
attain to move in an orbit close to the Earth. A speeq

of 11.2 kilometres a second is called secondary cosmic

spved, and an interprlanetary vessel launched near the

Earth must have it to overcome the Earth's attraction and

to begin to move in interplanetary space as a new planet

of the solar system. Speeds between the primary and secondary
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cosaic speeds will make it possible to lauech a‘satellite
coving in elliptical orbits whose perigee will be near the
Egrth and apogre cons;derably distact from it. The orbits‘
will be the pore extended and fartoer away from the Earth

" the greater is the initial speed iﬁbarted to the satellite
by tke carTier rocket.

If a satellite's orbit can be made to gass at all

points at altitudes in the aeighbourhood of 1,000 kilometrcs

or more above the farth's surface, the satellite will move
virtually 1o a vacuuz and continni?for ar indefinitely .
long tice. ¥With present Progress in the building of rockets
it is quite realistic to speak of launching a satellite to
survive scores of hundreds of yz2ars, aod such a éatellite

will be practically e perpetual satellite of the Earth.

v. OBSERVATIONS OF TiE SPUTRIK'S woTION

A ve:;-tnpOttanc elecent of the rcsearch conductcd -
" with the aid of satellites is trs observation and record-‘ '

ing of their potiomn, treateent of the records and forecast
of their further motion on this basis.

During the first period of the sputniks' motion
tne scientific stations conducted observatiors with the
aid of radar and radio direction finders and by means
of optical {nstrucents and photographing their motion.
¢ince the radio trapszitters have stopped working the
observatiocs have been conducted painly by the latter w0
methods.

411 data obtained by the stations and the observations
of amateurs are collected and anal.sed and electronic

coaputing zachines aTe used to work up the data. How
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valucble will be the Zeophysical observations by the
scientists will depend on bow correct ard preeise are

the data obtained in observing the Sputniks as they move

in their path. For exauple, to deterzine the Earth's exact
shape for geodetic purposes the orbit of the satellites'
motion has to be deternined accurately within a few seconda
in the arc and a few milliseconds in tine.

Many of the ground stations measuring the position
of the Sputaik in its path trapsait the results of thei;'
observations to a central station, where the orbit is de~
termined, and the more observations ar¢ cade the more
accurate will be the deterzination of the orbit. Radio
azateurs have been very helpful in tce collection of radio
observatiocs: inm particular, thousands of Soviet radio
amateurs bave conducted observations of tns sputniks using
ordinary radio instruments as well ‘as radio rcceivers de- .
signed specially for the purpose. Diagrans of the receiverc
acd of the direction finders with which they are equipped
were published in "Radio®, a Soviet popular-science magazine
in the field of radio engineerirng, long bdefore Sputnik-l
was launched.

Used too for observing the Sputnik are ground ;adar
stations, which irradiate th? Sputnik and receive signals
reflected from it, the same as radar stations designed to
detect planes in the air at high altitudes, or which make
it possible to receive signals reflected from the Moon.
However, as the Sputniks and their reflecting area are
relativelvy zmall, these special stations zust have a very

large pulse radiation capacity.
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Optical observation of the Sputniks is possible
zornings and ev;nings oa cloudless days, when the Earth's
surface where toe observer works froz is all in darkness
and the sputnik, very high up, is 1lit Qy the Sun.

Since the transsitters on tne §Futniks have ceased
working, optical observationms have deen widely used.
Besides, optical observations in conjunction with radio
-ethods have made it possibie the better to ascertain the
actual path of the Sputniks, and to mare geogruphicul
calculations zuch more exact.

Vide-angle optical instruzments are best for these

obSchJtian. But the sateliites can be seen also through
st ordicary binocular or a wide-angie prism spyglass.
It should be zentioced tnat observations of the

Sputaixs with the aid of astrovoaical instruments present
1 certain difficulty; they are mot similar to observationa
of regular heavenly bodies, as the Sputniks move very ‘
fist across the sxy, at an average speed of approximately
cne degree per second. B

To pake sure that the observations are reliable,
each optical station has one or two sets of optical
instruncnts placed as a barrier on the =eridian and along
the vertical eircie perpendicular to the appareat orbit

the nethod ezployed

of the Sputnik. In addition,/in searching for the Sputnik .
25 baped on the so-called "local-time rule”. This method
turns to account the fact that the Sputnik's ordbit is not
{ovolved in the rotation of the Earth, and the Sputnik
{tself passes through a given latitude in local sidereal
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time, which changes slowly as the orbit revolves in ab-
solute space around the Earth’s axis, owing to the di-
vergencé of tne gravitational field from central. There-
fore, with respect to a given statfbn the satellite will

in the course of its motion pass successivély through the
points in the celestial spéere which may be called

waiting points. If the axis of tne optical instrument is
regulated s0 as to be directed to the waitinog point next
in order in the celestial sphere as figured out in ad-
vance, then sooner or later the satellite will inevitably
be detected, and when detected the time of its passage
should be noted with the aid of a chronometer or by

radio time signals. In this way the accuracy in determin~
ing the time the sétellite passes tkrough thei; range

of vision willfnot be above a second. Among other thingg.
the Soviet amateur astronomers at 66 optical observation . .
. stations and all observatories have at their disposal zany
special icproved wide-angle optical instruments. The '
observation stations also bave sets of equipcent making

it possible to fix the Sputniks in the celestiai sphere

as accurately as within one degres in position, and

one second in time, )

Optical observations of tne satellite and following
it up will be more precise and thorough if the optical
instrumewts are fitted out with specilal photographic and
photéelectrtc apparatus registering the position of the
satellite and the azimuth And quadrant angle of the in-
strument's optical axis. The purpose of the optical follow-

up is to odtain a relatively exact position of the
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satellite in the eelestial spLere (during twilight hours)e’
All along the time of each recorded position of the satel-
1ite in the orbit should be determined-precisely.

The sateilite can be folloved up by instruments
with e focal distance of 0.6 - l.d\netres. In such an in-
strument, a3 the satellite passes through its range of
vision, the rate of dovement of its izage is 1-2 centi-'
metres a second. A particularly izportant part will be
played by the optical observations of the satellites at
the last moment of +he final st:ge of their passage, -
when they make the last spiral movedents before entering
the atmosphere's denser strata and wken they begin to
burn up.
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Along with visual observations, photographic observa-
tions of the carrier rocket and Sputnik-2 are conducted.
The photograrhs taken by observatories in the Soviet
Union and other countries have made it possible to define
the orbits of the Sputniks and of the carrier rocket with
considerably higher precision.

In using the special cameras for photographing
satellites highly sensitive plates are required.” The
shutters should perait very small exposures and the lens
should have an aperture ratio of 1 and the sight at least
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30 degrees. Exact pictures of the position of the Bputniks
in the orbit will make it possible to determine their geo-
detic position in space in relatioé to the Earth's centre
with an error of about 10-15 metres. @%hen we have a num—
ber of these positions for 10 to 15 regions of the Eartk's
surface it willi bé possible to deternmine thne Earth's figure
zore accurately than has been dome up to now. 4s a result
we shall be able to refine the continental geodetical
systexn. These observatiocs will also enable scientists
to understand better the distribution of nmasses in the
interior of the Earth.

In fact the Sputniks move in the gravitational field
of the Earth ard this field in turn is determined by the
‘distributiou-of the masscs in the Earth's interior and .ﬁ,“_r-‘»,q
its crust. Studying the covement of the Sputniks we can - -
highly refine our knuwledge of the gravitational field
of the Earth and therely arrive -at interesting conclusions
on the Barth's structure. 7True, Yrevolving around the ‘
Earth is also the real Noon, but a study of its motion
gives us information only about those parts of the terrcst-
rial gravitational field which are relatively far froc the
Earth, as the distance from the rarth to the koon is'some
380,000 kilometres. Of course at such a distance the terrest- -
rial gravitational field depends nuch less on the distribu-
tion of the masses in the interior of the Earth. The study
of the Moon's motion can therefore furnish only verylmeager
information on this question. Artificial satellites, Low-

ever, launched something lixe 1,000 kilomctres adove the
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Earth's surface, offer many moTre opportunities in this
respect.

Thus, not to smention the telenmetric oeasurements ;
of different quantities in follo-igg the artifidal Earth f
satellites in their orbit, simple observations with the aid o
of radar, optical icstrunents and photography will furnish A
scientists abundant geophisical data widening and refining

our xnowledge of our planet.

VYI. RESEZAKCE IITE THc AID OF TH: SPUTKIKS

The [pper Atzosghere

In studying the hezvenly bodies around us and the
outer space in which the Earth noves, scientists have en-
countered considerable difficultics due to the fact that
the observatories and sclientific stations are situated
at the bottoo of the air ocean surrounding the Earth,
hundreds of kilometres deépf "This ocean is the Earth's
atnosphere, which lets through to us oniy sﬁne n;irdu re-
glons of the apectrun of electrozagnetic oscillations
enltted by the dun, stars and other doavenly bodies. '
Scientists have therefore always dreamcd of extra-ataos-
pheric observatories, as are artificial satellites, which
open up new possibilities for carryicg out all kinds of
scientific experinents that earlier seemed unrealisable.

Fhat is neant by the upper atuosphere today is the
region above 30 or 40 kilometres high. It is of great
practical intervst, ss it is the nedium through yhieh
artificial satellites will travel and the routes of future

interplanetary ships will pass. Besides, the upper
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atmospaere is the :ediu! in which radio waves are propagat-
ecd. The strata and regioas with high ionisation forming
in it refloct or scatter the waves, Fhereby creating the
requisite conditions for their propaéétion over great dist-
ances. At the~saze tine, under certain conditioams, the
upper atmosphere sonetizes becomes a sSedium in which radio-
waves are absorded.

The processcs goirg on in the upper region of the
atmosphere are characterised by a great cany features
which are not usually intrinsic in its lower parts. Among
then are the features related to the comtinuous chemical
conversions of the ataosphere's molecules and atoms and
their forisation whien occurs when they are irradiated
by the pezetrating ultra-violet, X-ray and corpuscular
enission of the Sun (corpuscular radiations of the Sun are
the fast-coving elezentary particles: electrons, protons,

-peutrons, alpha-particles, etc.). Besides, in the higher

parts of the upper atzosphere the change of its ralative _
atonic composition becoces significant: Here the lighter
solecules and atocs -“jeodozinate owing to the force of
gravity. The circulation of the ionited atmosrhore, which
{8 an electrical conductor, in the Earth's constant maguet-
ic ficld is sccozpanied by the generation of electric

currents which cause different kinds of variation in this

- field.

Valuadble information on the circulation of tae upper

atmosphere has been obtained by the observation of the drift

of msteoric trails by means of optical instruneants &nd radan
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and the observation of the tides in the atmosphere caused
by the »up and Koon. Ve know of tae high and low tides of
the seas, yet these phenomena have been observed to be
nuch more intensive in the upper atmosphere. From the obser-
vations approximate characteristics Q{ the upper atmosphere
have been derived; the temperature in the upper pait was
estimated to be several thousand degrees and the density
ahout 1,000 million molecules and atoms per cubic centi-
cetre (at an altitude, of some 300 kilometres). It should
be men?ioned tnat the air demnsity at the Farth's surface
is more than 10,000 million times as much. ‘ .

It bad been believed that in the upper atmosphere
there were three or four distinct ionised strata. How-
ever, the {nforzation gained about the penetrating ultre-
violet and X-ray radiation of the Sun which is absorbed
by atmosphere and does not reach the Earth's surface, was
until recently rather hypothetical. The dynamics gf.thc
uprer a:mosphe}e related to the photo-chemical changes and
ionisation remained unclear. Too little is known also about
corpuscular emission,which causes auroral displays and anogaloul
{icnisation.Without exact knowledge of tnese disturbing factors
it {s difficult to duild up a seneful theory of the dynanics
of the processes going on in the upper atmosphere.

0f late there has been considerable development of the
study of emissions, that is, certain forms of radiations
of the upper atmosphere. Kany valuahle data have been
obtained in this way. For instance, by using spectroscopes
it has been estadlished that the Earth's atmosphere aboﬁt
100 kilometres above the surface is colder over the equator

and warmer over the polar regions. That is a very

)
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important factor for the origination of circulation. The
higher temperaturo in the polar regions leads to a highly
original structure of the highest regions of the atmosphere,
célléd the oxosphere. As is knOwh the ionised particlos
in highly rarefied nmedium can movs Shly along nagnetic
lines of force, and therefqre projections of ionisod
particles or columns are formed over heated arcas and thoy
are souctiaes discovered in the twilight hours when the
exosphere is 1it., These are the so-callcd high radtant
structurcs of polat auroras. Interesting information about
ionisation was obtalomed by investigations of the auroras
by seans of radar. »

bietsors greatly influence the properties of the upper
atcosphere. Their falls lead to the forazation of readily
ionisable nttrogen oxides and shock sound waves, which cause
variations in_the density of the nedium. This'ppgnqgeuon.>>. h-w_i“"
occurs in thé upber atoosphere also whon sub—&udib f&vea ’ i
produced by winds and the disturbances of the ocean sur= :
face and 8o on, penetrate up there fron the afnospberic
strata near the Earth. Thus, to employ a figurative
expression, the outer part of the atmosphere suggests
souewhat the agitated foaning water surface during a
storz.

In recent ywars new and important results have been
cbtained through the use of rockets in investigations of
tne upper atnosphere. A lower density and lower tecpcraturec
have been found above 150-200 kilometres. Exceptionally
valugble rosults have been obtained in determining loni-

sationt it was found thet tnere iR 2 graduul 2rd emcsdy
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rise in lonisation with a large auuber of very snallow peaki,

which it is difficult to identify with the sharply defined

siople strats assumed earlier. Then, the rial ionosphere

proved to be lower taan had been beliuved, and the penet-
rating ultra-violet and X-radiatioh of th¢ Sun has been

measured directly.
The measuring of absorptions of the penetrating solar

radiations has made it possible to bring out the fact of

the lower density of the upper atmosphere. HoweveTr, &

material shortcoming o rocket iavestigations was the

short time they lasted.

Artificial satellites can ensure long and conti-

nuous observations over different localities of the globe,

and therein lies their chief advantaga. Most important is

the observition of the pemetrating ultraviolet, X-ray and

corpuscular emission of the Sun.

On Sputnik-2 instruments for investigating tae Sun's

radiation were installed. Three special photoelectronic

pultipliers set up at an angle of 120 degreecs to vach

other serve as the radiation receivers. Euch nultiplier

is successi7zely covered with several filtcrs nade of

thin-cetal and organic plates and also of special optical

uaterials, which cake it possidle to separate different

ranges in tLe X-ray region of the solar sp.ctrun and the

hydrogen line in the far ultraviolet regioa. The slectric

signals produced by the photonultiplier trained on the Sun

were dagnified by radio circuits and transzitted to the

Earth by telemric systea.




Owing to the fact that the Bputnik has continuously

changed its orientation in relation to the Sun and part

of the time was in the sector of its orbit 1lit up by thc
Span, to econonise on power the ele;tric circuit wés
switehed in~orly when the Sun landed in tne range of onc
of the three 1ight receivers. It was switched in with the
aid of photo resistors 1it by the Sun s‘nultaneously with
the nultiplicrs and the system of autocatic control,

Parallel with the observations of solar radiation
fror tho Sputnik, observations of the Sun are also con=-
ducted by the whole network of the "golar service" .

~ground stations under the IGY progracze. By conparison -
of all the observations it will be possible to arrive at
the preliminary deductiocs on what connection there is
between the Sun's ultraviolet and X-rudiations and thej
processes going on in the chronmosphere and tho Sun's
corona and the state of the Earth's ionosphere; these dgta
will serve as a basis for the regular observations %o
follow. '

Quter space is full of cosaic dust, the nature and
characteristies of which it has heretofore mot been
possible to study directly. Sclence had only conjéctures'
on its origin and characteristics. With the artificial
satellite serving as a laboratory it will be possible'to
begin direct study of this problem too. ¥hat makes it
'important is the presucption that cosmic dust is the

material out of which planets are forued.
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Since Newton's ways scientists all over the wurld
haive baea pon.ering over the thysicel nature uf terrestriul
_ravitation anu of tuae furce Jf inter-actisn between ..a=
certal bodies in general. But it was wnly iinstein's
theory .f relativity which slishtly lifte. the wail frono
the uystery of fgeae vhenvuend and hence attracting the
attention of the vast .ajority of scientists throughout the

world,

.So convincing is Zinstein's concorticn that today
1t i{s tue vnly raticnal theory explainin; raay cysuic phe-
noLena. However, in soce respects it has to be refined
and checked by experinents. Artificial Earth satellites
laynched tu cove in hi_h altitules can help to check expericen-
tally sone Jf the theses : of this theory, one of

the fyncar.ental theories of nmocern science.

It is known that the Lietagallagy possesses a celinite

luringsity and its value should be 4n agreecent with the
.;eceral tneory of relativity. It is difficult to ceasure the
lucinosity of the Metagallaxy f{roa the Earth's surface be-’
cayse of the nizht-sky air-glow, but with the aid of an
artificial satellite it will be easier to solve this prodbleu.
“her we have ueasured the'luninosity of the Metagallaxy we
shall solve an ituportant cosnic probleu and verify certain
theses of the general theory of relativity.

Pinally, in astrononical observations by telescope
froa the Earth's surface nmagnification of 300 tines 1ia
ordinapily the linit because of interference caused by tiny

air strea-.s in the atmosphere (twinklin,; of stars,
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vreaking up and dlurring of the inages of the heaveﬁly b0=
dies in ths telescopes, eae,). On the other hand beyond
the atmosphere maganification as high as 10,000 times is
_possible 80 that objects 12 metres in‘diameter will de.
seen on the Moom from a satellite , and on Mars arcas ° :
measuring approximately 1.5 kilosetres ian diameter will
re abservahle.

Of consideradle interest is the study of electric
fields at great heights (in the nelgddourhood of 1,000
xilometres) and solution of the problem whether the Earth
.and its atmosphere cozstitute a charged or a neutral system.
Along with indirect studies of the ionosphere, by observ- . )
ing tne passage of radio waves, tne progracme of investiga-
tions on satellites envisages direct measurenents of ionmic
concentration at different altitudes, and later the chenicgl' ) i
cocposition of‘ihe jonosphere by mass spectrometry.” If the R
present ideas that there are mo negative ions;at'great altfé
+udes are correct, these experiments will furanish compieto
{gformation on the composition of the lonosphere.

0f great interest for science is the atudy of the
radiation arising from the disturdance of the atmosphere by.
a body moving at cosmic speed. This radiation will becom¢
especiaily interesting when the satellite will bde éome?hat‘
slowed down by the breaking force and will get into the
lcwer strata, behaving like an enormous artificial meteor
which excites and ionises the  molecules and atozs of the
surrounding medium. It will be particularly valuadble if all‘

+hese observations are concucted ainultancously witk those
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from the Barth's surface as provided for under the curreant
IGY programme. )

It goes without saying that a complete solution of
the problems eoumerated ahove will require many satellites - -
equipped vith various equipment of high degree of parfection..
And the data thus obtained will of course give dbirth to a
great many newdiroblsms.

Losnic Rlays

Cosmic rays come to us from outer space. These
radiations are 5 stream of nuclel of.tbe atoms of different
elements travelling at velocities very close to the velocity
of light. They are the heralds of the gigantic processes
a8 a result of which thes nuclei of atoms of elements are
accelerated to very great enmergies. The cosmic rays produced

in this way offer the possidility of studying the cosmos at

great distances from the ZEBarth and even from the solar systum.

In mospfcnses the energy of the particles of cosaic
radiatioca amounts to thousands of millions and even tens of

thousands of millions of—electron-volts. Some of the

particles, howaver, attain an energy millions of times gruater.

Up to now particles have been found with an energy of as mueh
as a billion bill}on electron-volts. This high eaergy of
cosmic ray particles zakes it possible for physicists to uae
them effectively to "dombard" atomic nuclei, and to study -
the laws operating only at the extremely higﬁ energy of the
eolliding partieles. The study of cosmic rays, especially
with the aid of instruments mounted on a satellite, will

make it ?ossihla consideradly to simplify some of the studies

!
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which when oconducted on the ground require highly powerful

accelerators sush as a ¢yclotron or proton synchrotroa.

Wo wmight meation incidentally that the world's bigsest proton

synchrotron, made in tne Soviet Union, can accelerate to
an energy of ﬁg mere" 10,000 million elzctron-volts,

Not many particles of cosmic radiation reach the
Earth. On the average & square centimetre receives one
particle a second. Despite the gregt energy of the indivi-
dual particles the total emergy of cosmic radiation is there-
fore small, being equal apprpxi?ately to that brought to us
by the light from the stars.

That is a trifle compared with the enmergy entering
the Barth from the dSun. However, far away from the Sun
the cosmic rays play no small part in the general ¢nergy
balance. . ’

The qu:étion naturally arises how cosmic rays céme

“into being? Miﬁera can be no doubt that as a rule they start
out for from the Earth and even from the solar systenm.
Sonetimes, though extremely rarely, the Sum itself is thc -
gource of cosmic rays, and im such cases explosive processes
kave been obssrved oﬁ the Sun.

Cosmic rays produced on the Sun coasist of particles
possessing little energy, which shows that the scale of
phenomena taking place on the Sun is very small compared
to that which cause the formation of cosmic rays. '

¥here fhen in the Universe do these gigantic proccssces
occur? To answer this question it is first necessary to

study the composition of primary cosmic radiation. When
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coiliding with the auclel of the atmosphere's atoms the
particles of cosmic radiation impart a portion of their
energy, scmetimes a very considerable pecreionsto secondary
radiations, and owins to the high energy of the particles
of cosmic rays a good many geuerationa of secondary particlol
appear. For this reason, what we are studying on the
Zarth's surface and in the stratosphere too is zut the prigary
radiition which cams from cosmic space but in the main {ts
auwerous offspring.

In order to study primary cosmic rays seientific
apparatus has to be lifted beyond the Earth's atgosphera&

Until now we could 1ift instruments to considerandle
'heibbts by means of sounaing balloons, stratostatq or
rocxets, but in the first two dages primary radiation is
zmasked Uy a secondary, while in the case of rockets the

tine of measurement is limited to a few minutes.,

Artificial Earth satellites make it possible to study

fully the composition of prinary cosmic radiation. We shall

very likely succeed in finding new components of cosnic

radiation which will reveal zany of the universs's SUcrcté.
Puysicists have long tried to establish tho age of

cosaic rays, to find out how much time has passed since

the particlus of cosmic radiation havs obtained their great

energy and began their wanderings through the uni?erse.

Tais question, however difficult 4t geems to be, can

nevertheless be answered if we turn to account the fact that

the longer cosmic rays travel inm the universe the more

times they collide with the atoms of ioterstellar space.
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In such collisions the atomic nuclef?%&avier elements in
cosmic rays will break up and out of their fragments nuclei
of lighter elemcnts will de formed.
In cosmic rays we find nuclei\;f the atoms of different
elencnts. Thé more nuclei of the atoms of a particular
element there are in the cosmos the more¢ of them will
become accelerated and gain high energy. Experiments have
shown that the composition of cosmic rays corresponas, ia :
the zaih, to the distribution of the differeunt elezents
in the universe. Though there is very little of sonme
elements in the cosmos, lithium, beryllium and boron, for
instance, yet the nuclei of these elements are ofteh produced
when heavier nuclei decay.
Consequently if such nuclei are found in the com-
position of primary cosmic rays it will mean that cosmic e
radiation travels a long time in the universe.- . f_;;,
To find the nuclei of atoms of different eleneﬁts in
the composition of cosmic rays is a very difficult probleg.
It may be successfully solved by using special '
)

counters, which register the Yavilov-Cherenkov radiation..

*J The "Vavilov-“herenkov effect"” (named for the Soviet

sclentists who discoversed it) is that charged particles fly
through matter at a velocity greater than the velocity of
light, producing as original lightwave similar to the sound-
wave produced by a plane flying at supersonic speed.
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The greater the specifie gravity of the element the more
intenss the radiation of the atomic nucleus passing through
the eounter. As shown by experiments carried oan by the
Boviet sclientists L.V. Xurnosova, L.A;\Razorenov and
4.I. Fradkin, this is a good way to analyse prinary cosaic
radiation and é;pecially to2 try to find out if it has the.
auclei of lithium, beryllium and boron. In theo same way
the nuclei of the atoms of many other elements, particularly
heavy elements, can be searched for in cosmic rays. The
large opportunities offered by the satellites will permit
undertaking ncw attempts to find among primary radiation
electrons, and photons, the tiniest material particles of’
light. If these new components were found even in very small
quantities our knowledge of the origia of cosmic rays
would be considerably advanced.

This will be evident, indeed, if we'racall that

there are magnetic fields in outer space. While passing
through the Eurth's magietic field the cosmic-ray particlos
are greatly deflected in the field; and as a result the

primary particles of cosmic radiation, possessing as they do ..a.

an electrical charge, follow a considerably distorted path.
Obsarving these particles on the Earth we cannot tell where
they came into being since the original direction of thoir’
motion was completely lost owing to the derlection.in the
magnetic fields.

Photéns, on the coatrary, move practically in a'
straight line. If, therefore, we . succeed in finding them

they will better than any other radiation indicate to us
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where in cosmic space are to de found the sources of cosnmio

rays.

Thus, study of the composition of primary radiation

will make it possible to discover a punber of phenomeba

occurring in cosmic space and to ahad\iighc on the origin

of cosmi¢ rays, and in particular to check some consequences

of the hypothesis put forwar& by the Soviet scientist

Vv.L. Ginglurg to the effect that cosmic rays are formed oo

gupemovae outbursts.
With the aid of artificilal Earth satellites long obser=-

vations of primary cosamic radiation can be_couducted atfordic.;.

the possibility of discovering even relativsely little variativos

in the intensity of the different componcnfs of this radiation.

In every particular case it is very interesting to

find out the nature of those particles of cosmic radiation,

which bave changed in number. The use of satellites will

nake tbia possible'. .

Among other thinga. "the number of prinary particlos

can bdbe registered ‘to this end and simultoneOualy the 1onisu- -

tion cuused by them. In this way 1t will be possible to

te the variations in the intemsity of the main componecrn®

separa
of cosmic rays comsisting of the nuclei of the atoms of

nydrogen, namely, protons, from the changes in fbe pumber

of puclei of the heavier elements. "{nstruments on the Earth's

surface cannot effect this separation, but satellites offer

an altogether new approach to analysivg the processes golng

on with cosaic rays.

The number of primary particles can be measured




" gude. This dependence is due to the deflection of the ™
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with the atid of a counter of charged particles. As bas
been shown by experimeats conducted in the USSR {dy N.L.
Grigorov.Y;I. Logachev, A.M, Charakhchyan and A.E. Chudakov), .
it 18 now possible to design an instrument which will use
electficicy viery economically.

Considerable difficulty is prea%nted in measurihs
jonisation produged by cosmic radiation beyond Jhe atmos-
phere. However, the measuraméﬁt can be mansged by employ=
ing a method developed by Chudakov, as follows: owing -
to the lonisation, the ipstrument travelling outside the
atmosphere accumulates an electric charge, and when the
charge i{s removed an impulse emerges which is radioed toO
the Earth, and the ionisation produced by the cosuic rays
can be judged from the value of the impulse.

e orbits of the Sputniks girdle almost the entire
globe, and this makes it possible to study the dependence
of the intensity of cosaic radiation on latitude and longi-
primary cosamic rays in the Earth'e magnetic field. By utili- I
sing the Barth as a buge measuring imstrurent the composi~
tion of cosmic radiation can be analysed. and the distri-
bution of the radiation over the globe maxes it possible
to investigate our planet's pagnetic field.

Instruments for studying cosnic rays were instqllod
on Sputnik=2.

The particles making up cosmic radiation were regls-
sered on the Pputnik with the aid of charged-particles
countefs. when an electrically charged particle passed

—
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through the counter & spark was produced which supplied
an impulse to the radio eireuit incorporating semi-con-
ductor triodes, the purpose of which i to add up a numbur '

of cosmic-ray partieles and gigneal when a certain number

v b 4 g m—ad =

has been counted., After trgnsmittins the signals that. L
the particula® pumber of particles had been edded up .
registration of cosaie-rag® parsicles began agoin and when an :
equal number of particles had Veen counted asother signal :
followed. Dividing the registered number of particles by

the time in which they were dounted we get the number of

particles passing the counter per second, or, in other <IN
words the intensity of cosmic rays. ’ ’

The preliminary analysis of the data on the cosmic

rays transmitted froo the Sputnik has shown that the instrue °
ments function normally. It has been definitely shown

T - Q-‘Julc TIETIRTIIST IR

that the number of particlea of cosmic radiation depends

on the geomagnetic latitude, and the analysia of the
nany measurements of the energy spectrum of the priaary
cosaic particles makes it possible to study the Varixtion
of the spectrum with time and compare it with the processes -

going oo during that time in the space around it.
There can be no doubt that in time the instruments

gset upon tﬁe Eputniks will provide the poasidility for a
continuous observation of the primary cosmic radiation.
In this way cosmic rays will become a powerful '

pmeans of etudying toc Universe.

e
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The Bagretp of the 1onogphere

The characteristics of the atnosphere at altitudes
above 200-250 kilonetres have been little investi.ated,
Especially interesting is the study of the fine structurc
of the {onosphere, that is, the pars of\the atmosphere
which contains a_vast aunber of electrically char_ed
particles ~- eleotrons and 1on;. Sclience today nossescteos
few Cata on the circular electrical currents in the iono-
sphere and other related _henorLena, as until now the prin-
cipal inforuation on the fonosphere has been obtained by
studyin; tie ,atas of the radiowkves sent from the Earth aanu
reflected fron the ionised strata. Moreover, ¢ehis rethod
nakes 1t possible to get an idea of the 1ouos§here only up
to the level of naxinua ionisation (P2 layer), that is, up
to a height of roughly 250-300 kilocmetres. This is because

the lonosphere reflects or lets throu_h radio si*uals, da-

..___ - - - e AT O RAT-e Tt tx g

pending on the freqnency used Xn transnittinb then

ShEER o - e et

{nstance, sreater denaity of 1oniaafion is required to roflect
slynals sent on high frequeacy waves.

The sreatest frequency at whichAradio waves are
reflected frou a siven layer of the ionosphere when they
fall vertically on it is called critical frequency,

The greatest critical frequency is observed in the F2 °
layer. iadlo waves of a reater frequency than the critical
freyuency of the P2 layer pass through the inoaosphere and
do not return to the Earth. Thus,.in order to study the
higher layers of the lonosphere it is necessary'té have
radio-wave sources placed considerably higher thaﬁ the 72

“y
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layer, and it is such sources that the Sputnik carries. . o
]
'

However, radio waves froo the Sputnik fallin, on the

- iozosphere froz the outer side and not froz the sids of

{
the Earth cun also be reflected and not et to the Earth. ;~ ?T»
To avdid this, the Sputnik's radic transaitters had higher B ‘
frequencies than the eritical frequency 5f the F2 layer,
D with a range of 1Q-15 aegacycles, dependin.; on the season

of the ysar.

Radio vaves Eritted fron the Sputniks Made it Possible

to Get Signals fror. an Area in the Ionosphere in which
rnadio ;aves Travelling froz the Earth Cannot Penetrate

Radio observations were conducted froa polants in

different geo_raphical latitudes and longitudes by radio

dircetion~finder stations, r.dio clubs and thousands of
radio azateurs.

Of very éreat icrortance are the neasurenents of the
fleld intensity of radio sizmals received frou the Sputnik. ? -

The zeasurenents- vere cade by continuous automatic record- eimnig

~:—~"’1; e e R

iz as well sé—by separate ~eaaurenents at certain fixed
ins.ants. and so nuch zaterial has been obtained that at
this tine only a preliainary analysis has been couyleted.
The results of receiving the radio signmals froa the .

Sputniks and ueasure:ent of their levels have shown that
the signals transaitted on a 15-metre wave-length rose very
high up, far exceedinyg the direct vision range.

- ot special interest is the fact that  while boviné in -
the elliptical orbit the Sputniks occupy a varying position

in relation to the uain naxinun of electronic conceatration
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in the terrestrial atmosphere., Wwhile in the Southern
Hezisphere the Sputnik travels above the ionosphere layer

in the Northern Hezisphere at certain ooments it is above the
prak fonisation of that gtratum, at other mouents under it,
and a¥ still others, near the reak. Th;;e conditions zake for
a great many ways~ of propagation of shoft waves over great
distances. One of these ways is the reflaction from .'ie

Earth's surface of the radio waves which have cone
fron avove through the whole cass of the ioposphére,
followed by a single reflection of it from the ionosphere
in the regzions where the eritical frequencies are suffi-
ciently hish. In other cases the radio waves fallin, on the
ionosphere froo above at a certain angle are consideradly
refraéted by it and as a result penetrate into a region
lyins beyond geometrical direct wvigibility.

The posltioa of the Sputnik near the area ot uaxinun

ionisation of the atnosphere creates especially favourable*1

conaitions for the propagation of radio waves by neans of

ionospheric radio-wave guides. In some cases, as the obgser- .
vations have shown, radio waves came to <the receiving :

point not the shortest way but rather travelled aboutl
the globe over the lon.er arc of the great circle. In sone
cases the phenomenon of round-the-globe echo of the radio
signals has been observed.

There can be no doubt that the final analyaié of the
great amount of naterial obtained through the radio odserva-

tions of the Sputniks will provide very valuable information

on the specific features of ionisation of the upper layers of
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the ionosphere and the absorption and propagation of radio-
waves in tBe:. ) .
The Farth's kagnetjc Field

There is a natural nagnetie field around the Earth.
Ita'propertiea. for instance, its direc£lonal effect on
the zagnetic needle, have long been utilised in practice,
though the nature.or the field and its origin still reaain
obscure. The Earth's cagnetic fleld affects the motion of
charged partieles coning frou the dun to the Earth through
outer space, particles forned in the upper layers of the .
atmosphere when the latter are ionised by the ©un's ultra=-
violet rays: This is the explanation for the geonagnetic
effects such 2as the latitude distribution of the intensity
of cosaie rays and the frequeney of auroral displays, the
polarisation of the radio waves reflected froz the iono-

i

sphere and any oxher thinss. A =

—— .
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Until rtcently the Earth's magnetic field t&li
oither on the harth's surface op closc to it (from-aeropittea)t
1t was only lately that several moasu:enents were taken from'
rockets at altitudes exceeding a 100 kilometres. Tha
cathezatical analysis of the zeasurenments made on the grouand
has led to a nunber of iateresting deductions. It turned out
that the field obgerved near the Earth's surface should de
cvgarded as consisting of two partﬁt one due to'eOurces
in the interior of tne rarth, and the other to sburcos
cutside the Earth.

Although the share of the outer sources is very small

Jone to three per cent), its valwus lying close to the limits .

S~ e . e e it et @0 T
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of the error iavolved in the mathematical snalysis, there is " i
no. doudbt that it exists in reality. The sxistence of an )
external field is coafirmed by the rapid chanses takin.; -
place in the Earth's maznetie field, %hangea that are ’ o

. knowa as diurnal zagnetic vafiations, tisgnetic disturbances - |
_ and cagnetic storms. These changes are closely related to

maty phenomena occurring outside the Earth's surface, such

as solar activity, the state of the ionosphere, auroral displuys
. and cosaic rays. )

A pmathenatical analysis of the change¢s shows that ]
their socurces lie outside the Earth's surface. Uafortunately,
the analysis of the data obtained from ground observations
will neither ;qdicate the ex;;t spot where the field's sources
are to be found nor define their nature, Other data have '

to be found ror this purpose. S _ -- B
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Investi ‘sgon “of tbe_daily“ ariatione, nagnet X torms”
AR e =0 IS S P : 3 -2
and the phenonena related to then have led scientists to- Tt e

assuny that aﬁ external nagnetic f1eld may be produced by - -
systeas of electrical currents outside the Earth's surface..

The post likely place where such currents might originate is

the upper conductive layers of the Earth's atmosphers,

namely, the {onosphere. .

It is also suggested that there may be currents

beyond the ionosphere too, They may possibly de due to
charged particles and corpuscles, ejected by the Sun and
captured by the Earth’s.magnetic field and revol%ins around
) the Farth in the plane of its magnetic equator severai tens
;1 o of thousands of kilometres away from the Earth. These

I L B TR N5




extra-ionospherie currents increase when during nagnetio

storms the Earth finds itself im the nidst of intensive

corpussular streans ejected from the Sun's active regions,

‘At such time their magnetic field shifts the zones of

auroral displays closer to the equator and reduces the i

intensity of coaxic rays.

The presence of sources of a magnetic field inm the ’ ;

fonosphera is confirmed today by direct magmetic reasureceuts

conducted from rockets. .-

Considerable attention is given in the International

Geophysical Year to studying the varying external magnetic . d;f‘

field and its relation to solar and other geophyasical phenomena,

The changes in the magnetic field will bde registered continuously

at a great cany stations. It ié also planned to measure

the mashetic field tron satellites and rockets, Haanetio

measurements on satellitea uake it poesible to survey the

_é—-.A

ouud the Earth at great altitudeu.ﬁ Their -

SeTe -

magnetic field:
purpose is to check>the exiatenco 6£ extra-ionospheric

currents, to find out the system of ionospherie cu-rents

and learn more about the main part of the fild, i.e, the part’

due to the Earth!s interior sources, By means of satullite .

measurecents it cap be checked whether the streams of the

Sun's particles are peutral or consist of electrically-

u&arged particlas of either siga.

Dat.. on the field portion created by exterral sources

can bs obtained by corparing the measured values of the

-field with the theoretical calculationa based on the
assump*ion that the field is produoed only by sources in
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the interior of the Earth. Knowing the field produced by
the external sources at high altitudes it will be possible
to appraise better the part it plays in particular geomaguetio
effects. It is not impossible that in some cases it plays
a considerable p;;t. In particular, the recently revealed
differenee in the position of the Earth's geomagnetic equhtor
us found from the data obtained by magustic measuremeunts on
land and by measufements of the intensity of cosmic rays,
may possidbly be caused by the action of the field'é external
scurceg on the charsed particles of cosmic rays.

Observing that the intensity of the large magnefie
anomalies decreases with altitude we shall be able to
judge whether the sources of these anomalies lie neaf the

Earth's surface or far out in space.

weather Forecasting

It is close to 75 years since the first attempt was =

nade to carry out geophysical investigations sinultaneously
on a Qorldwide scale. That was the first international
polar year, Its task was to etudy the influence of the
Arctic on the weather, and to imvestigate the Aufora Borealis
and the Eﬁrth's nagnetic field. The second attempt was made
50 years late;. in 1932-1933, when the second. international
polar year was orsénised. The object of that attempt was
to study the ionosphere and its effect on the propagation
of radio waves, and to conduct meteorological observations
by an extended network of stations. . ' .
The mateorological maps compiled following the observa-
tions of the second internationmal polar year (for the Earth's
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Northern‘ﬂemisphere) sa3ved gcientists as a dbasis for
deyelcping a thermo~hydrodynamic method of long-range weather :
forecasting, and to verify whether tbe experimental hydro-

dynanic longerange forecasts were auatified. l

The next-international meteorological observations were
planned for 1982-1983, but the rapid rate of development of '
science and technology in the middle of the 20th century dee
it necessary to change the schedule and fix the IGY for

1957-58.,
Participating in the IGY are 63 crountries, with the

USSR taking an important part in carrying out its progracae,

voue 300 meteorological ground stations and some 100 aero-

logicul stations were set up on Soviet territory. The e

work done un.er the IGY programne will be extremely 1dportant e
for metaoroloay. especially for weather forecast. which is tae

L ITTRETEITETE

principal problem in this sclence. ?or thehfirs
results of observations by a wide netvork of meteorological
gstations will be received from botp heuispberes of the nart@. o
Thig will be the first time that meteorslogical condi-
tions in the Antarctic and equatorial regions will-be widely.
analysed, an analysis that meteorologists are so badly in need
of. Vast nmaterial will de collected for nmeteorology, during-
the year, and.by uging electronic fast computing machines the
material will be analysed in brief time. The calculations,
which formerly would have taken scores of feare, can now be

done in a few hours. - ) o

The automatic meteorological stations set up on fho o i

Sputaniks operating beyond the Barth's atmosphere will lead
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to fundamental changes io tae theory and practice of
weather forecaatinb. Kany meteorological yhenonena

nidden from observers on Earth will Qecome obvious whio

observed from the Sputaik. Today meteorolosiats are forced

to colleet nost of their data from an extremely limited
aguzber of sround observatioas. However, making use¢ of
a satellito it will be possidle, for instance, to photograph
at once all clouds over the Earth's surface at least sevcral
tiovs in 24 hours, It will also be possible to obtain
data on ice conditions and information on other facitors
jnfluencin; the weather all over the world.

~ Many problems of meteorology are already in the process
of solution as a result of the observations of the first
two satellites; for instance the distridution of the density

of the air. in:fhe _upper_ layers of the atmoaphere along .

I v e s s et e

longltude andﬂlatitude. etes In future eafellites Qill <
help to solve a vast number of meteorological qpestioné.

The successful launching of the Sputniks has affordod

the possibility for the first time in the annals of meteoro-

logy to conauct extended observation of the Earth's atmos~
phere "fron above."

By equipping the obputniks with special sepsitive photc-
cells, scientists will get a picture of the distridution
of clouds err extensive regions of the Earth's surface and
simultinsously pst a picture of the distribution of thc
gigantic planetary and atmospheric waves (nore than
1,000 kilometres long), which play a part in shaping the

weather over large distances;) scientiats will be able to




watch jet currents, that is, a promounced belt winding

anong the cycloas and anti-cyclous which dlock it, like a

river winding between islands, and many other things.

In short, the Sputni«s will furnish\n picture of the .

distridution of the air currants. a picture of total air

circulation over wide expanses.

It has been proved that for short-range foreCusts
it is necessary to know
(2a to 48 hours)/the initial fleld of meteorolosical

_elements for s relatively small area, surrounding the

particular region for whieh the forecast is made. However,

as the timeé for which the forecast is made grows longer .

the territory to be elucidated by the initial data in~

creases sharply. In the case of long~-range forecasts

for some point in the Northern hemisphere the initial

o » data have, to cover the entire Northern Hemisphere as a

minimun.-"

A dense network of stations to take observations and

couplete {nformation from the stations are essential for

raking more accurate forecasts. There are still however,

large areas on the Zarth's surface in which there are few

stations or none at all. Thus, while on the Atlantic

Ccean daily observations are conducted on a few stationary

- . vessels belonging to the meteorological and asrological |

service, practically no obeservations are conducted on

the Pacifine Oceén. Here observatiors from the Sputniks will

iender iadispeudable service, ©They will enver vish arils '

including tke oceans, om which no regular observations of i

,

the state of the atmosphere have been conducted,




A
A

end

VII., _TAWARDg THE IQUEST OF OUTER &P

Prodblena lnvolved in Study of Anoizsls Travelling in Outep
Space i

Soviet scieuntists began the conqu?st of epace »y imple- F
pmenting a broad programme of medical aﬁh biological ianveati=
gations of animsls on their flights in rockets to 100-200
kilometres above the Earth's surface.

From the biological standpoint a flight in the upper

layers of the Earth's atmosphere has nuch in common with a ;
f1ight in outer space. A living organism in that case i
too, will be affected by & shole series of factors not

found in ihe usual environment, such as the effect of

cosmic radiation, the long gravity-free dynamic state and,

under certain co;ditions, the virtual absence of atmospheric .

pressure aud molecular oxygen.

Some of thase factors can be produced artiticially . e
and studied in laboratoriea, aud others during iiiziw;iiéﬂ;ffsrgﬁk s
in rockets. L good many papers deal with the study of B
their effects on the organisa. Airflight medicine today ) )
has emough experimental aﬁd theoretical data which reveal :
more than merely the physiological effects of the influence
of this kind of factors. At its disposal are preventive
aud protective measures to safeguard the living organismi
these are hermetically-sealed chambers, space suits and so
on. .
. The effects of weightleassness, of priuary cosmic radiatiod,
corpuscular gnd ultra-violet radiation of the Sun have as :

yet practically not been studied from the medico-bdiological




gie, Their diological effects and perhaps also other
factors we still know inadequately caa be found out only
®y long flights in the upper layers of the atmosphers.

To conduet. such invastigations, considerabdble difficultica

N \,
as regards design and method have to be overcome., All appara-

tus in such cases must operate independwatly over a lqns
period, ensure automatic re;ording of the needed data and

be highly resistant to the action of overstr&lnyibrations

and variations in pressure and temperature. At the sane

time the apparatus has to de compact, weigh little and consume
litcle electricity. ‘

No less are the difficulties arising in proviéing coa~ a
ditions to cnadble animals to survive io the flight. TFor
instance, the efficient systems of air regeneration used
ordinarily are unsuitable for the hermetically-sealed chambers

because of their bulk and large weight.

New and more efficient aystems bad to be deaigned.
Obviously the ventilation systea pad to bo>a toréod‘feed
systexn since the gravity-free state precludes the air ex-
change usual for conditions on Earth. Becaus®of this, the
heat exchange it the chamber and protection of the animal
froz the cqnsiderable variations in ths temperature have
to be apecially designed: '

A special systen had to be worked out to provide the
animal with water or liquid food, as in conditions of weight-
lessnezss liqulds ia a free state can possidly disperlé
throushout'the chambder.

It was necessary to work out a whole system of rather
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coaplex automatic equipment to.eansure that the conditions

raquired to keep the animal alive are¢ maintained. 3Scicntife.

ic instruments are used which are designed to investigate

a nunber of ?aeic ph{ﬂglogtial functions of the anical and
tenpera o -ressure, euC.

hygienic coanditions in the cbambe#a For this purpose par=

ticular physiéal values are-converted into electrical, :
then they are coded into different xinds of radio iopulses,
which are transmitted by radio and automatically recorded on
Barth with the aid of special recording devices.

Even this by far incomplete enumeration of the prob-
lexs is enough to give an idea of the variety and comple-
xity of the tasks due to the spscific conditions of the
experiment.

Observations of the animal's behaviour on Sputnik-2
made it possidble to find out the effect on the organism of

factors whichTcould not be studied in laboratory condition -

».q...-» -~ o F e ',"‘“—’ .

or in high flights on aeroplaneg.-;rﬂ.,“

Biologlcal Phenomeha in Cogmic Flights )
For the purpose of studying & number of medico-dbiolo-

glcal questions a special hermetically-sealed chamber was
fixed up on Sputnik-2 in which the animal (a dog called
Laika) was placed, also instruments to study the physio-
logical functions of the animal, equipment for regenerat-
ing the air, for feeding the animal and removing the
products of its physioliugical activity. In designing

the equipmenc account was taken of the need of the utmost
econony {in the size and weight of the instruments and of

ninimum consumption of electricity by then.,
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Funstiouing for some considerable time, the apparatus .
ensured with the ald of radlo telemetric systewm the re-
gistration of the animal's pulse and respiration, ite
arterial dlood pressure, thgjgﬁectrical potentials of the
heart, the tempsrature and air pressuQé in the chanber, und

-

80 on. i
It is perfiuctly natural that the first "passenger' on
the Sputaik wis a wart-blooded animal -~ a dog -~ the nofmal
phyeiology of which kad been thoroughly studied. It may de
that to clear up special questions it will be necessary to .
use anthropoid apes, rodents, mollusks and ipsects. Insccts
will afford opportunities for genetic studies.
Laika, the passenger oz Bputnik-2, was a small dog
weighing approx{nately five kilogrammes. Urnfortunately
its gensalogy ie not xnown. It wase a ghlegmatic animals

while living in the vivarium it never quarrelled with its

e e e

four-footed nqighpqura. The infdrnation obtained from the-;;% ‘;JZLI
~Sputnik shows Eﬂét during the space flight too it did not o
loge its calm dispoaiticn.

Before sending it on the Sputnik, Laika underwent
preliminary training. It was gradually accustomed to léng
stays in a small hermetically-sealed room wearing a specicl‘
ohtfit, and to the gauges attAched to different parts of its
body for registering the physiological functions, and so on.
The animal was also trained to stapd the effect of 6verntv‘ina.
and in the laboratory it was determined how far it was

ptoof'againat the effect of vidbration and certain other

4 .
factors. Following long tralniug the animal calmly endured

several weeka in tne nermetically-sealed caamoer, which aae
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{t pcssible to conduct the needed sclentific investigatious,

The study of the blological phernomena of a living
organism travelling in outer space became possiSle as &
rasult of extensive preliminary invgstisations on animc;s
in short flights in rockets to altietdes of 100 to 20C.
kxilometres, investigations sonducted in the USER over a
nuanber of years.

'This is the story of one of the flights.

... Five minutes before sunrise a cigar-shaped silver
grey rocket was zooming up to the stratosphere. In the
forward part was fixed up a non-hermetically sealed
compartment in which catapulting trolleys had been placed.
sttached to the troileys were special outfits ~-- oxyger -
supply instruments, coutaining 900 litres of oxygen, &
parachuting system and apparatus for recording the physical
functions‘}naflightt - o

iaejégfapulting trolley weighed 70 kiloér&éﬁ;;.‘énd'

the par4chuting system ensured a vertical landing speed of -

about six metres a second. The rocket quickly reached a
height of 110 kilumetres, at whick the head part fell away
from the body and began its free fall. At an altitude of
80-90 kilometres the first trolley was catapulted at a
speed of "some 700 metres a second; three seconds latexr, the
parachute system began to work and the animal dropped down
to Earth from a height of 75-85 kilometres, the descent
taking an hour.

In the last five years Soviet scientists carried out

many similar rocket flights for the purpose of studying

- -t .
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the high layers of the atmosphere and their effect oa .
living organisnos.

Unlike earlier ipvestigations, the flight of an
animal on the Sputnik makes it possible to study the effect
of zero gravity over a long period. éefora this the in-
fluence of weightlessness could be studied only on an aero-
plane fcr a few seconds at a time, and during the vertical
launching of a rocket for a few minutes., On the Sputnik,
however, it was possible to study the enimal's ofganisn
in gravity-free state for several days.

‘The experimental data obtained in the medico-biologic-
al investigations are now being studie¢ thoroughly and in
detail., It may be said already now that the animal stood well
the long actiom of the ac¢celerations as the Sputnik was

taken to its orbdit and the gravity-free state which followed

for several da?s. The data show that throughout the experi-
ment the animal's state was aatisfactory;.t '

VIII. LIFE ON A SATELLITE

vithout Atmosphere

Animals and human beings can travel in outer space
oaly inm bermetically-sealed chambere, where the air compo-
sition and pressure are close to those prevailing on Barth.
Iz order that the organism could breathe the space ship nust
have a supply of oxygen, and most expedient 1is liquid
oxygen. One litre of liquid oxygen yields 8CO litres of

oxygen gas as it evaporates. Haweﬁer. the required amount

of oxygen dissolves in the blood only at a certain barometric
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pressure; if there is Bot enough baromgtric pressure, even'
if the organisa breaehee pure oxyger it will not get all it
needs., .

If the harometric pressure drops (in outer apacé there
18 practically none) the gases dissol¥ed in the blood pass
out, This briangs atrout grave oconsequences, and sometimes

a complcto disturbance ¢of the vital sctivity cf the organisa

is the result.

Liquidst' ®oiling temperature depends on the surrounding

-

pressure, The lower the pressure the lower the temperature
<t which a liquid tegins to Yoil, At a pressure of 47 mm, A
of mereury (which corresponds to 19 km. above sea level) '
the liquid begins to boil when its temperature Yarely

reaches 37°C. This is the blood temperature of a human i
veing, and the "¥oiling" of the ¥lood would inevitadly :
bring serious conseq&ences.

Wnen cguld such disorders arise? Ihey could occur 1t

sonething- unforesun happeo.d to the hermetically-—eealed
chacker. If a meteorite traveling at a terrific speed . 7
collided with the space ship and pierced the chamtar aﬁd
the astronaut was not wearing protective clothing he would
faint in 15 to 30 seconds. For this reason, besiqes
hermetically sealing ¢he shamber, space or special high
altitude suits are provided. In the space suites the fe-
quired barozetric pressure is naintained and in the special
aititude suits the pressure is produced by ) © ten=-
sionirng the fadbric of the suit which tightly fits

the human body. Both hermetically-sealed chambers and




' Tharefore an effective protection against X-rays must bde

3=
space or altitude suits are used. t
Flighte of animals in eatellités will make it possidle ;
to check up how reliable are the hermetically-sealed chuabors
and the space and altitude suits and to work out ways to
enable the organisms to take f00d and water under these

conditions, and to solve a number of other questions,

An important requisite for the ncrmal life of living t“ ;
beings is the adequate temperature of the surrounding medium, : [
The first experiment of launchiug a satellite with a dog on .
board has shown that Soviet sclentists have correctly solved
the prodlem of producing the required temperature inaidd; the
satellite; <the animal behaved calmly in flight and its

goneral state was satisfactory.

e ot A Life
It is extremely important to study with the aid of

)
o gapnae & sove
H
i

satellites éhe effect of the different kinds of solar and
cosmic radiation on living organisms. The intensity of_
the ulc:&-viblet.radiation ia the.upper atmosphere and

beyond ié 80 great that it is fatal for the living cells.

C e pet e e -

However, protection against the action of thevSun's ultré;
violet rays is no dirficult prodlem, since most materials,
including orﬂinary 31888, do not let through this part
of the sclar spectrunm.,

Solar radiation also contains the so-called X-rays. i
While at first their influence on the orgenism is quite un-

noticeable, in may later lead to very unpleasant conaequences.

secured,
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Cosmic rays, oT coszic particles, as thay should be
¢ culled more properly paydDe even more dangerous. Possessing

@DOTmOus kxinetic energy these particles, on encountering
molecules of other substances, cause their disintegraticn
into ions. Mclecules become ionieea\also when coszic
particles penetrate into the tissue of tne organismji that
leads to the destruction of the cells, to unhealthy syap-
toms 1ike those caused by garmzma radiation, which occurs in
nuclear reactions.

The question naturally arisest how can the organisa
e protected against cosmic particles? %hile there are no
finished plans on this score as yet, published data
indicate fhat this protection is faced with considerable
difficulties, and the launching of satellites carrying
anizals will make 1t possible to obtain highly important
inforration op this question.

SPutniifé,is e&uipped with measuriné iﬁﬁtgﬁﬁénié'ff**"*
for studying all nradiant™ effects of outer;spa;ot .figf?ﬁ~
Sun's short-wave ultraviolet aand X-ray radiation, and ‘cosmic

rays.
A few words should be sald about'the danger from

reteorites.
I¢ has been established that more than 8,000 million

zetgorites enter the planet's atmosphere every 2% hours,

their total mass being approximately one ton. Possessing

3 ffi an immense speed of movement —— 30 to 50 kilumetres or
zcre a sccond == they become hot from friction in the air

- ﬁﬁ, . and durn away in the upper strata of the atmosphere}

V emammara——. -
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we &ee theﬁ as "falling stars.” Meteorites do not, ss &
Tule, penefrata pelow 70-100 kilometres. However, the
higher a satellite moves the moTre 1iRely it is to geet a
neteorite, It is important to eatablish how much this
possibility depends on the height of the orbit, the time
of the year, and-80 0U.

The very first weeks of‘tbe Bputniks' flight have .
shown that the Sputnika have not been hit by & meteurite

of destructive force. It may well be that the chance of
colliding with meteoric particles will turn out to be no

greater than the chance of an automobile accident.

What Is Weightlessuess?

. To have a satelllite get out to its orbit a speed of
aoze 8,000 metrecs a second has to lLe imparted to it; and
this involves a considerahle acceleration over & long

period. The ei?ect of acceleration depende on its masni-.

- . _____~___

tude, period of action. the rate of increaee and ‘the- direc- =
tion of the motien in which the force produéing the accele-
ration acts on the body of the human being or animal.

The effect of the accelerations, or overstresses,as
they are also called, on the organism of animals acd humau
beings has lLeen gtudied quite intensely in recent years,
since modern high speed planes are subject to consideraﬁlo
accelerations over long periods. .

1f the acceleration acts upward from a person's feet to
pis head it will cause a redistribution of the whole zass
of the hlood, and there will Le more Ulood than usuel in

tne iowar pari 9L lhe tsdy apd unt °nonab in the upver.

cis p
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If the acceleration is strong emcugh the »lood circulation
in the brain may be less than the regular, and this will
lead to a disturbance in the functions of the central mer-

vous system, including the loss of conscivusness.

If the acceleration does not act on a person along

his body but per;endicularly it can be withstood much
easier. The special suits also‘help’}é'protoct from over-
strains, as they envelop the diffe?ﬁéx parts of the body

tightly, vot letting the hlood acgﬁmulate in them. These

questions too will be checked 1ﬁ'the experiments witl
animals, <

A few words on the speed of movement the organism
can.stand, Uniform speed does not affect the orgaanisam,

‘Ye certainly are not troubled in the least by the Earth's

rotation on its axis, Neither are we disturbed Ly the

Earth's motion aroun%J?he Sun,. at a velocity of more taan_

100,000 km. an hour ;rWe may atate definitely t t thef
ruman organism can 9afe1y stand any uniform specd.

at a certain speed of movement there comes a point when

man's sense organs cannot supply the bdbrain with exhaustive

information because the information is transient and in-

cozplete. Space flights will therefore be controlled

chiefly from land stations by means of electronic computing

machines with a stored programme, Astronauts in space

flights will be released from having to control their

flight'tﬁemeelvea, which is literally beyond man's capacity.
Let us now pass on to the question of weightleasheas,

P

which travelers ia space are dound to come up against.

However,

e
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mne effect of weightlessness has been studied in recent i
years oa both animals and humsn Veirgs. True, the observasw
tions were of effects lasting but several scores of seconds.
Uadoubtedly the effects of bdeing a conside*able time in a
gravity-free state will be quite different. That is Just
what satellites ®arrying animals should establish. Dogs
clad in special space suits on their brief flights in
rockets also experienced a state of wightlessness. Automat-
je¢ instruments recorded the animals' respiration, measured
the blood pressure and pulse, and an automatic motion-
picture camera took photographs. No paterial changes ia
respiration or heart activity were found. ioweveT, such |
experiments were iimited as to time. | :
Interesting results have been obtained in studying
the effect of zero gravity oo human beings. Weiglhtless=
ness occurred.th a specially programmed flight by aero-
plane and it-cOntinue‘ for 30 to 45 seconds. Of the l‘
persons who took payt in those flights eight said that

[SP

they had fe}t vellf. The scientist who conducted the study.
and who tcck part ip the flight stated that the zero- 7
gravity state w;s'ghe best form of relaxation for a human
being. Five of the fliers, however, experienced 1llusory
sensations dug;ns the gravity-free state: they had the
feeling that they were iu a state of free falling or that
they were flying "upside dovn." Arnc one showed symptoms
of health disturbance very much like the gick feeling one
gets during air sickness. ' ‘
It has been estallished that after repeatedly exper—

fencing weightlessness in flight the human organism adjuata
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taalf to it, and a person who has experienced it severalh

times retains a sufficiently good orientation im space and
{8 capahle of making precise coordinatgd movements.

The dog's flight on the Sputnik, im which the grav.ty-
free state continued for a considerable time, makeg it
possible to study the effect of prolonged weightlessness "
on the organism and to solve the problem to what oxtent
centrifugal forces should ve created on a satellite to
take the place of gravity.

There can be no doubt that weightlissness also affects
the organism's functions of breathiug.fblood circulation,
body temperature, and so on. Odservations have showiu -
that weighflessness causes some drop in blood pressure;

Under the action of accelerations there is increased
gas exshange in the organism. gpd the conSLaption of oxyge
and evdbement ofﬁ;lrbouic ac é?gas rises severaifold.u-
Duriag the gravity-free st§te a drop in the gas exchange
zay le exbected, at least;éfter the organism had become
adjusted to this state. ?bese facts are important for
vasuring a supply of oxygén for the animals and for deter-
mining the capacity of_the air-conditioning apparatus.

Another import‘{t reason wuy satellites should be
launched with animals on board is the saving of crews of
seture space ships. It may bappen that unforeseen circum-
stances will forc's ilots to abandon the é%émic vessel, and
provision should y made to save the people in such caBses.

Naturally, such exﬁeriments.should first be conducted with .
animals. Besides,'for scientific purposes it would also




5e highly desirahle to save the animals after the satellite

nas completed its movement imn the orbdit,

e

. ¥
Where Are the Bilological Limitgf

The heighi of the or®»it ahove the Earth‘ia important
for flights of satellites; the greater the altitude the
longer will the satellite survive. But what about satellites
currying animals? Is there any reason to limit the distance
of its orhit from tke Earth? There appears to be no
differeace, for animals have the same chance for survival
at any of the heights to which a satellite can be launched,

The thing is that already at very low heights our *
atmosphere begins to lose rapidly its proporties which are
essential for a living organismﬁ

At eight Or nine kilometres above sea level the

effect of insufficient harometric _pressure 18 fel'
at 19,200 metras, where total barometric pressure equali
47 pm, of mercury, measures have to e taken to p;otect
the organism against the liquids Leginning to boil.

At 36 to 37 kilometres up lies the Loun&ary where
heavy particles of cosmic radiation are abaofbed; avove
that level in the atmosphere one must be protected againsT
cosaic particles. Ahove 42-43 kilometres segins the re-
gion which as regards the ultraviolet part of the solar
spectrum is equivalent to interplanetary space.

Meteorites gemerally burn away at an altitude of
abfut 100 kilometres., ‘ )

' At 122 kilometres alLove the Earth's surface and
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nigher sound caanot propagate in the atmusphere. At that
altitude the distances between the air's molecules are
gpproximately equal to the lensths of sound waves apprehend=
ad Ly the human ear. Above this limit the free path of thu
air's molecules is longeT. b

Approximately at these heights the intensity of
cosmic particles segins to increase sharply.

However, the region in which a satellite can survivg

for a léng time is considerably higher than these outside

limitg.

IX.  Map in Outer Space

Todsy we may already say that in a very few years
satellites will be built to revolve around the Earth at a
distance of several thousand kilometres from the Earth's

surface and they will be equipped ﬁith apparatua for .

steps sbould be the develop£:§§“6£ a rockat capable of
breaking away from the sphere of the Earth's at*raction,
get close to the Moon and fly arﬁuné it. Such a rocket
would give us abundant {nformation on the nature of the
Moon's surface and on the structure of the Moon's heni-
sphere which we never see.

We can soy that a flight to the Moon is a matter of
the not distant future. The carrier rocxet of the world's
first artificial Egqrth satellite imparted to it an -orhital
gpeed of some eight xilometres a second, and the gecond

satellite was imparted an equal speed. And to send up a_
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apace ship to the Moon it will need a speed of omnly three
vilometres more, T slightly mora than 11 kilometres a
second. In the latter case the space ship will travel in
a draﬁn out ellipse, and entering the sphere of the
Yoon's attraction will after a few evolutions land on the
latter's surface._

The whole trip will fake_no more than five days and a
zinimum of fuel will be consumed. A route has veen figured
out to make the flight in less time. If the space ship
will fly faster than 11 kilometres a second it will te
aSle to reach the Moon in 24 hours. Suck projects too Lave
been worked out by Soviet scientists.

Soviet sclentists are also working on projects for
flights to Mars. One of the projects envisages the assembly .
of 10 space ships each weighing 1,700 tons on flying
stations. Frqgfpheir circular orbit around the Earth
they will getié?é;éié the tr&nsitory orbit to an ellipse
and will move ;égifds Mars io the ebhere of the Bun's '

attraction witﬁguc using fuel. The trip %o Mars will take
256 cays. For the return flight thé travelers will have

to walt on Mars or its artifiocial sateilite until tne
position of Mars and the Earth in relation to each other

1s again such as will favour the start of the return flight.
This waiting period will equal 480 terrestrial days. The
rhola: trip will thea taie 952 days, or nearly three
years, Sclentists beiieve that such flights will be made
towards the end of the preseant century. There are also
projects uander which a path has been figured out for a

fliglt to Mars in - less time.
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At first, space ships will make their flights without
people on board. The development of present-day automation
azd electronic computing machines proy{des a theoretical
basis to build equipment which besides taking measurements
will be adble als; without human interventigg};e fiﬁ;rg out
exactly which measurements should be taken and hoﬁféhey
should be arranged im view of the findings of theearlier

zeasurements. The radio makes it possibdle automag\cally

. ) .
in short time to transmit to the Earth tﬁe results obtained

in the vast number of observatioans and msasurementa‘ Theo~
retically it is possible also to transmit pictures ﬁiaiﬁle

from the ship.

It will thus be possihle to olLtain enoughu acieitific .

data without sending peog}% out into outer space.

5
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Considerable %ﬁchnical difficulties are still to be

gvercoze before maf‘will be able to fly in outer space. °
dgf;s made and the contiaued ha:é work by

However, the pro
“ f

scientists give us grounds to Lelieve that before very long

ran’s flight in outer space will become a fact.
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